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Description 

Field of th e Invention 

*h* ^tT^ ti0n F ?u I 68 to 5ilverHCOn,ainin 9' cifcHyttB for the equation of alkene, especial?/ ethylene, to 

™ ™lT^ nfl ?Z ^ e ' S " Gthy,ene ° Xide ' *** 00rtain a «^ efficiency and/oractfvity enhanc- 
i ng amount of a cobalt-containing component. 

Background to fhP 

Ethylene oxide is commercially produced by the epoxtdation of ethylene over silver-containing catalyst at elevated 

SSS 2"""** r Tf Ch •** have dewted to c « that increase 

selectivity; of the process to ethylene oxide. 7 

«.r J?-* 1 * 1 "? ° XWe by the wadtofl of oxygen a ^n-containing gases with ethylene in the pres- 

SSlw^ Jl* 30 ^ dWe!0ped 3,1 F0r toam P ,e ' U S Pa,ent No - 2-040,782. patented May 12, 1936 
^besthe manufacture of ethylene oxide by the reaction of oxygen with ethylene in the preeence of silver catalysts 
wnien contain a class of metal-containing promoters. In Reissue U. S. Patent 20,370, dated May 15, 1 937, Letorte dis- 
closes that the formation of olefin oxides may be effected by causing olefins to combine directly with molecular oxygen 

itt^Vr!^ 8 SN !l r f"^*™ that P° int <*• the P*" art has focused Ks efforts on improving the catalyst's 
efficiency in producing ethylene oxide. * 

Pa+ L n ,^^"! ,he terms ^conversion", -selectivity-, and "yield" are employed as defined in U. S 

JT1 ^ h Jf 5"^ ^T: V 7 ' i9 ^^ w!umn 3 < fin « 24 -35 incisive. This definition of "selectivity- is con- 
rSJ? * J^T P atentNo - 2 ' 7 ^^ei mccJumne, lines 5-22, and U. S. Patent No. 3,144.916, lines 
58-61. The definitions of yield" and "conversion" have more varied meaning in the art and are not to be employed as 
^ f °:r ampl % [n ** u - s - *aent Na 2,766.261 . The terms "efficiency and 'select^ 2 used 

throughout the specification and claims are intended to be synonymous. 

^ ?!f y T 6fflpl0y f I th9 manufacture 01 eth y Qne °*He have undergone significant changes since their ini- 
k AS r6p0rted the art ' sIlver particles were f irc < deposited upon support materials with little 

attentton being 1 paid to support properties, such as surface area, pore volume and chemical inertness. As the art 
evolved, there developed special technologies related to carriers or supports containing silver that were more effective 
tor the reaction of ethylene with oxygen to produce ethylene oxida Today, most supports for the silver catalysts are 
shaped part.cuiate materials which can be loaded in the interior of a reactor wherein the reacting gases and the gase- 
ous products of the reaction are capable of flowing in and about these particulate materials to pass through the reactor 
and be recovered. The size and shape of the support are variable factors and the particular size and shape selected 

alToSg^ 

The carriers that have been employed are typically made of inorganic materials, generally of a mineral nature In 
most cases, the preferred carrier is made of alpha-alumina, such as has been described in the patent literature: see for 
example. U S. Patents 2.294.383; 3, 172.893; 3.332,887; 3,423.328; and 3,563,914. 

The carriers which are employed for the manufacture of most, if not all. 'commercially employed ethylene oxide cat- 
alyste are produced by companies who do not produce such catalysts. As a rule, the methods of making such carriers 

now tne earner is made. Critical to making a carrier which proves uniquely desirable for the manufacture of a successful 
catalyst can be a number of factors, such as the purity and other physical/chemical properties of raw materials used to 
make the earner a r>d the method by which the carrier is made. 

The silver that is deposited on these carriers is thought to be in the form of small particles because that is all that 
^ZlS™ * CUfrent micrt)SCO P ic techniques. The patent literature indicates that the size of the silver is a factor in 

Irt - f fJHr 3 !^ 5 ° n fp*? a T! m ° Bl CaEeS finS Part ' d6 ^ is obtained ** standard processes in the 

art see, for example. U. S. Patent Nos. 2,554.459; 2.831 ,870; 3.423,328 (specifies that silver particles of 1 50-400 Ang- 
stroms are employed); 3,702.259 (disclosed a preparation procedure for forming silver particles less than 1 urn (micron) 
in diameter) and 3,758.41 8 (discloses silver particles having a diameter less than 1 00 nrn (1 OQQ Angstroms)) Improve- 
ments m m.croscopic examinations of silver catafysts enable the observation that the particle size ranoes to even 
smaller values. u w 

Thai deposition of silver onto the carrier can be achieved by a number of techniques but the two techniques which 
are most frequently employed involve, in one case, the impregnation of the support with a silver solution followed by 

"T^TS S^E 0 * 1 10 effeCt depOsiti0n <* the 6i,ver on «PP* an * ^ ~T ca^e the 
coating of the Silver on the support by the precipitation of silver or the preformation of silver into a slurry such that the 
silver parf-des are deposited on the support and adhere to the support surface when the carrier or support is heated to 
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remove the liquids present. These various procedures are exemplified in various U. S. Patents such as 2,773,844; 
3,207,700; 3,501 ,407; 3,664,970 (see British Patent 754.593) and 3.1 72.693. 

The surface area provided by the support has been the subject of considerable interest in the development of silver 
catalysts. Disclosures concerning the surface area of the catalyst carrier can be found in U. S. Patent 2,766,261 (which 

s discloses that a surface area cf 0.0Q2-1 0 rmVgm is suitable); U S. Patent 3,1 72,893 which depicts a porosity of 35-65% 
and aporediameter of 80-200 urn (microns)); U.S. Patent 3,725,307 which depicts a surface area of less than 1 m 2 /gm 
and an average pore diameter of 10-15 um (microns)); U. S. Patent 3,664.970 (which utilizes a support having a mini- 
mum porosity of about 30%. at least 90% of the pores having diameters in the range of 1 -30 urn (microns), and the aver- 
age of such diameters being in the range of 4-10 pm (microns)); and U. S. Patent 3,563,914 which utilizes a catalyst 

10 support having a surface area of less than 1 rtfrgm, a volume of 0.23 mf/gm and a particle size between 0.074 and 0.30 
mm). Low surface area, inert alpha-alumina is favored by the prior art. 

It has been known for a long time that impurities present in the catalyst and/or the gas phase can materially impact 
upon the reaction. In the early development of the art. there were no techniques available for identifying or measuring 
such impurities. Consequently, one could not isolate the role that such impurities played. However, even in the earliest 

jg periods of the development of the art, the use of alkali metals as promoters for the silver catalyzed production of ethyl- 
ene oxide was extremely well known in the art. U.S. Patent 2,177,361, issued October 1939, has a teaching of the use 
of alkali metals in silver catalysts. U.S. Patent 2,238.471 discloses that lithium is very desirable as a promoter but that 
potassium and cesium are detrimental when used in amounts of essentially 10% by weight of potassium hydroxide or 
cesium hydroxide to the silver oxide employed in making the catalyst. Later, U. S. Patent 2.404,438 states that sodium 

20 and lithium are effective promoters for this reaction. Essentially the same teaching can be found in U.S. Patent 
2,424,084. U.S. Patent 2,424,086 generalizes about alkali metals as promoters and specifies sodium in particular. In 
U.S. Patent 2,671 ,764 (the Sacken sulfate patent), the patentees believe that alkali metals in the form of their sulfates 
are effective as promoters for such silver catalysts. In particular, the patentees state that sodium, potassium, lithium, 
rubidium or cesium sulfates may be used as promoters. 

zs U.S. Patent 2.765,283 describes the pretreatment of a support with a dilute solution of a chlorine-containing com- 
pound and indicates that such chlorine compounds should be inorganic. Particular illustrations cited of suitable Inor- 
ganic chlorine compounds included sodium chloride, lithium chloride and potassium chlorate. This patent specifies that 
the amount of the inorganic chlorlna-containing compound which is deposited on the catalyst support is from 0.0001% 
to 0.2% by weight based on the weight of the support. U.S. Patent 2,61 5,900 to Sears describes the use of metal hajide 

ao in the treatment of the supported catalyst and specifies that such halides can be of alkali metals such as lithium, 
sodium, potassium and cesium. The metal halide is present in the range of 0.01% to 50% based upon the weight of 
metallic silver. The patent also specifies that mixtures of the individual metal halides generally classified in the patent 
may be used to advantage to enhance tha break-in period of a new catalyst composition while at the same time main- 
taining a moderate but steady activity of the catalyst over an extended period of time during normal operation. Thus, 

35 one particular metal halide treated catalyst would provide a short-term high initial activity whereas another of the metal 
halides would provide a longer term moderate activity tor the catalyst. This patent takes the position that the metal hal- 
ides which are provided in the catalyst serve to inhibit the combustion of ethylene to carbon dioxide and thus classifies 
these materials as catalyst depre&sants or anticatalytic materials. 

U.S. Patent 2.709,173 describes the use of a silver catalyst for making ethylene oxide in which there are provided 

40 simultaneously with the introduction of silver to thesolid support, any of the alkali metal halides such as lithium, sodium, 
potassium, and rubidium compounds of cbJorine. bromine and iodine, to enhance the overall production of ethylene 
oxide The patent specifies small amounts "of less than about 0.5% are desirable." In particular, the patent emphasizes 
"proportions of alkali metal halide within the range of about O.0001 to about 0.1%" are most preferred. The patent states 
that "although the preferred catalyst composition contains a separate promoter it is not always necessary since during 

45 preparation of the catalyst the alkali metal halide may be converted to some extent to the corresponding alkali metal 
oxide which acts as a promoter. ri U.S. Patent 2.766,261 appears to draw from the teachings of US. Patent 2,238,474 in 
that cesium and potassium are said to be detrimental in silver catalysts; sodium and lithium are suggested as useful 
promoters. However. U.S. Patent 2. 769,01 6 finds that sodium, potassium and lithium are promoters when used in the 
silver catalysts. This latter patent also recommends the pretreatment of the support with dilute solutions of sodium cWo- 

so ride, lithium chloride or potassium chlorate. 

U.S. Patent 2.799.687 to Gould, et al., states that the addition of metal halides within the range described by Sears 
in U.S. Patent 2.61 5.900 is not productive of optimum results. This is said to be especially true in the case of alkali metal 
halides. particularly the chloride end fluoride of socfium and potassium. The patentees recommend that the inorganic 
halide component of the catalyst be maintained within the range of 0.01-5 weight percent preferably 0.01 to 0.1 weight 

ss percent based on the weight of the "silver oxidative catalytic component." i.e.. the silver salt transformed into elemental 
silver. U.S. Patent 3.144,416 mentions a variety of metals as promoters and one of them is cesium. U.S. Patent 
3.258.433 indicates that sodium is an effective promoter. U.S. Patent 3,563.913 recommends the use of alkali metals 
such as lithium compounds as promoters. The preferred amount of promoting material is said to be about 0.03 to 0.5%, 
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by weight of metal oxide based on the weight of the support. U.S. Patent 3.S8S.217 states that alkali metal chlorides 
"are known to counteract the formation of carbon dioxide" and "may be incorporated into the catalyst," U.S. Patent No. 
3,125.538 discloses a supported silver catalyst containing a cdnckierrtally-deposited alkali metal selected from among 
potassium, rubidium and cesium in a specified gram atom ratio relative to silver. The weight of silver is preferably 2-5% 
by weight of the catalyst. The patentees characterize this catalyst as being especially suitable tor the reaction of nitric 
oxide with propylene. This Same catalyst is produced inherently by the processes of the examples of US. Patent No. 
3.702,259. as discussed previously, which patent promotes their use for making ethylene oxide. U.S. Patent Nos! 
3,962.136 and 4,012,425 also disclose that same catalyst as being useful for ethylene oxide production. U.S. Patent 
3,962,136 descrbes the coincidental deposition of alkali metal with the silver on the support, the alkali metals being 
present in their final form on the support in the form of an oxide in which the qxide consists of cesium, rubidium or mix- 
tures of both, optionally combined with a minor amount of an oxfcie of potassium. The amount of such oxide is from 
about 4.0 x lO-Sgew/kg to about 8.0 x 10* 3 gew/kg of total catalyst. U.S. Patent No. 4,356,31 2 describes the use of the 
same catalyst U.S. patent application Serial No. 317.349. filed December 21. 1972, which is a parent to U.S. Patent 
Nos. 3,962,136 and 4,010,1 15 and others, contains some interesting data deserving of comment. According to exam- 
ple 2 which contains some comparative experiments, there is described the manufacture of a catalyst which contains 
310 parts per million by weight of coinadentalfy-added potassium and that catalyst when employed as an ethylene oxi- 
dation catalyst was found to be inactive for the production of ethylene oxide, 

U.S. Patent No. 4,207,210 (corres. Belgium Patent 821.439. based upon British Patent Specification 1,489,335) 
discloses that a catalyst can be made that is equivalent to that produced in the so-called parent applications cited in 
US. Patent Nos. 3.962. 1 36, 4.01 2 425, and 4,01 0,1 15 by using a sequential procedure by which the alkali metal is sup- 
plied lo the support. Thus, the criticality in the method of deposition of alkali metal in the catalyst appears doubtful in 
the face of that type of disclosure and the disclosure of US. patent Nos. 4,033,903 and 4,125,480 which describe sub- 
jecting used silver-containing catalysts to a post-addition of one or more of potassium, rubidium or cesium. Apparently, 
such treatment regenerates the catalyst's ability to enhance selectivity fo ethylene oxide. Another patent which tends to 
indicate that a post-addition of alkali metal such as cesium gives results equivalent to either pre-addition or simultane- 
ous addition is U. S. Patent 4,066 > 57S. 

German Offenlegungeschritt 2,640,540 discloses in its examples a silver catalyst for ethylene oxide production con- 
taining sodium and either potassium, rubidium or cesium. 

Japanese AppScation Publication Disclosure No 95213/75 is directed to a process for producing ethylene oxide 
using a catalyst composition comprising silver, barium, potassium and cesium in specified atomic ratios. Table I of this 
disclosure summarizes the efficiencies achieved with the various catalyst compositions of the examples. 

U.S. Patent 4,039,561 discloses a catalyst for preparing ethylene oxide containing silver tin. antimony, thallium, 
potassium, cesium and oxygen in specified atomic ratios. 

Belgium Patent 854.904 discloses silver catalysis containing various mixtures of sodium and cesium. U.K. Patent 
Application 2,002,252 {counterpart of US. Patent 4,248,740) discloses silver catalysts including promoters containing 
alkali metal, alkaline earth metals, elements of groups III, IV, Vand VIII of the periodic table, with the prefened promot- 
ers being compounds of barium, tin. antimony, thallium, potassium, and cesium. This patent application discloses, in 
Table 2, supported silver catalysts containing various mixtures of cesium and thallium, some of which additionally con- 
tain potassium or antimony. US. Patent 4,007,135 broadly discloses (in column 2. lines 25*30) silver catalysis tor 
atkyiene oxide production containing silver 'together with a promoting amount of at least one promoter selected from 
lithium, potassium, sodium, rubidium, cesium, copper, gold, magnesium, zinc cadmium, sirontium. calcium, niobium, 
tantalum, molybdenum, tungsten, chromium, vanadium and barium...". US. Patent Nos. 3,844,981 and 3.962,265 dis- 
close catalysts and processes for epoxidizing olefins in the presence of a multimetallic component. The catalyst in the 
3,962,285 patent is said to comprise a minor amount of one or more of palladium, ruthenium, rhenium, iron and plati- 
num with a major amount of silver. The 3,844,981 patent discloses the preparation of the catalyst from a decomposable 
salt of group 7b, 1b or the iron group of group 8 of the Periodic Table of the Elements. Preferably, the salt is selected 
from the group of gold, copper, rhenium, manganese and iron salts. While the patentee contemplates that these metals 
are in the metallic state, oxidation during epoxidation conditions may occur with one or more of these metals, e.g.. rhe- 
nium, to form oxyanions containing the metal. 

United States Patent No. 2,040,782 discloses silver-containing catalysts for the manufacture of alkylene oxides 
which catalysts: 

"maybe considerably enhanced by the admixture with the catalytic material of small quantities of other materials 
capable of acting as promoters. Suitable promoters, which may be used singly or in combination, include the metals 
such as copper, gold, iron, manganese, nickel, cobalt, cerium, thorium and zinc" (Page 2. column 1 . lines 3 to 9) 

United States Patent No. 2.605,239 discloses the use of beryllium oxide as a promoter. Other promoter metals such 
as copper, aluminum, manganese, cobalt iron, magnesium, gold, thorium, nickel, cesium and zinc are suggested. 
Those promoter metals are to be incorporated into the catalyst by mechanical mixture or coprecipitation. 

United States Patent No. 2.615.900. states: "The activity of the silver may be enhanced by inclusion in the silver 
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catalyst of promoters such as iron, nickel, copper, gold, platinum, manganese, cobalt, cerium, thorium, zinc, and the 
oxides, hydroxides, and carbonates of alkali metal and alkaline earth metals." (Column 3. lines 33 to 38} Japanese pat- 
ent application Kokai 78/39404 discloses a gas phase process far the epoxidation of three and four carbon atom olefins 
in the presence of a sifver-cadTnium-siiicon catalyst The patent applicant states that other components can be incorpo- 
rated in the cataJyst such as elements of Groups I, II, III and VM such as cesium, copper, gold, magnesium, calcium, 
beryllium, barium, zinc, aluminum, lanthanum, cerium, zirconium, thorium, iron, cobalt, nickel and platinum. 

United States Patent No 3,753,41 S discloses catalysts prepared by a coating technique. Among the catalysts sug- 
gested in the patent are those used for the manufacture of ethylene oxide. The metals that can be deposited are said 
to include the catalytically active metals found in Group lllb to Va of the Periodic Table. 

Japanese patent application Kokai 89/01224047 reported by Chemical Abstracts. Vol. 112 (10):83303f reports a 
cobalt, iron or nickel catalyst containing silver as a co-catalyst for the decomposition of nitrogen oxides to molecular 
nitrogen without the addition of ammonia. 

While improved efficiencies of conversion to ethylene oxide are desirable, the typical concomitant increase in tem- 
perature (i.e., loss of activity) can be troublesome for a commercially-viable catalyst. Commercial ethylene oxide plants 
are typically operated to provide a desired balance of productivity and efficiency. Less active catalysts ere thus operated 
at higher temperatures to achieve desired productivity. However, the upper temperature range of the catalyst is limited. 
Consequently, catalysts that have high initial temperatures for a given conversion rate may have shorter useful lives. Not 
only is catalyst a major expense to the ethylene oxide plant owner, but also, the plant must be shut down for substantial 
periods of time to discharge the okJ catalyst and charge new catalyst to the typical tubular, fixed bed ethylene oxide 
reactors. Hence, without a useful lifetime, e.g., two years or more, the benefit of any enhanced efficiency is quickly lost 
in catalyst replacement costs and plant shut-down time. Thus, the activity stability and/or eff iciency stability of a catalyst 
are important concerns in achieving a commercially viable ethylene oxide catalyst 

Cobalt has been proposed for other silver-containing catalysts. For instance, Japanese patent application Kokai 
57/13691 discloses a silver-cobalt oxide-manganese dioxide catalyst for ozone decomposition. British patent applica- 
tion 2,095,242 discloses a process for the oxychlorination of olefins using a catalyst comprising metallic silver and/or a 
compound thereof and one or more compounds of manganese, cobalt or nickel. 

Methods are sought to enhance the activity and. in particular, the activity stability and/or efficiency stability of silver- 
containing, supported ethylene oxide catalysts which have been promoted to enhance efficiency, which while providing 
desirable efficiencies, are typically less active and must be operated ai higher temperatures to be useful in commercial 
production facilities. These high temperatures can unduly shorten the catalyst life such that the catalysis are unattrac- 
tive for commercial facilities. Catalysts with enhanced activity stability and/or efficiency stability would be very advanta- 
geous. 

Summary pf th.g?nvemion 

By this invention silver-containing, supported alkylene oxide catalysts suitable for the epoxidation of alkene to 
alkylene oxide are provided that have enhanced activity and/or efficiency and/or stability, The catalysts contain depos- 
ited thereon a sufficient amount of at least one cobalt component to increase at least one of the activity and/or efficiency 
and/or stability of the catalysl as compared to a similar catalyst which does not contain the cobalt component under oth- 
erwise identical conditions. Often, the cobalt component is present in an amount of at least about 10 or 20, e g., about 
25 to 1 000, preferably about 50 to 500, ppm (weight) calculated as the weight of cobalt based on the total weight of the 
catalyst The amount of cobalt which provides the enhanced activity and/or efficiency and/or stability generally varies 
depending on the nature and amounts of other components in the catalyst composition. 

More in detail, the present invention relates to a catalyst for the manufacture of alkylene oxide by the epoxidation 
of alkene containing impregnated silver, substantially all silver being in the metal form, on an inert refractory solid sup- 
port; at least one promoter to enhance the efficiency of the catalyst, said efficiency promoter being a compound com- 
prising at least one alkali metal, alkaline earth metal or oxyanion of an element other than oxygen selected from groups 
3b through 7b, inclusive, and 3a through 7a, inclusive, of the Periodic Table; end 25-1000 ppmw of cobalt component 
10 enhance at least one of catalyst activity, efficiency and stability as compared to a similar catalyst which does not con- 
tain the cobalt component, said comparison being under STANDARD ETHYLENE OXIDE PROCESS CONDITIONS. 

In addition, the invention relates to a catalyst lor the manufacture of alkylene oxide by the epoxidation of alkene in 
the vapor phase in the presence of at least one efficiency-enhancing gaseous member of a redox-half reaction pair, 
said catalyst comprising silver, substantially all silver being in the metal form, on an inert, refractory solid support; an 
efficiency-enhancing amount of 0,01 to 5 wt.% of at least one efficiency-enhancing salt of a member of a redox-half 
reaction pair; and 25-1000 ppmw of cobalt component to enhance efficiency stability of the catalyst as compared to a 
similar catalyst which does not contain the cobalt component, said comparison being under STANDARD ETHYLENE 
OXIDE PROCESS CONDITIONS. 

Further, the invention relates to a process for making alkylene oxides wherein these catalysts are used. 
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EP-A-0 3 1 8 815 discloses a catalyst on the basis of a mixed silver-promoter silicate precipitate wherein at (east 2Q- 
30% of the silver is in tonic form. 

When the activity of a catalyst is enhanced, the temperature required to produce, under given conditions, a given 
level of alkyfene oxide (usually expressed in terms of increase in alkylene oxide concentration across the catalyst bed) 
is reduced. The stability of a catalyst can be win respect to at least one of efficiency aging rate and activity aging rate. 
In a more stable catalyst, the efficiency aging rate and/or activity aging rate is less than that in a less stable catalyst. An 
especially beneiicial attribute of the catalysts of this invention is an enhanced efficiency stability during the epoxide on 
process. Gy enhanced efficiency stability is meant that the selectivity of th e catalyst to the production of alkylene oxide 
does not decrease as rapidly over time of operation as would a similar catalyst but which does not contain the cobalt 
component at identical operating conditions. 

Preferred epoxidatkjn systems for use of the catalysts ot this invention are the systems in which the catalysts com- 
prise at least one efficiency-enhancing salt of a redox-half reaction pair in conjunction with at least one gaseous effi- 
ciency-enhancing member of a redox-half reaction pair. In these systems, the efficiency stabilizing effect of the cobalt 
component is often most pronounced. 

As used herein, the term "compound" refers to the combination of a particular element with one or mora different 
elements by surface and/or chemical bonding, such as ionic and/or covalent and/or coordinate bonding. The term 
"ionic" or "ion" refers to an electrically charged chemical moiety; "cationfe* or "cation" being positive and "anionic" or 
"anion" being negative. The term "axyanionic" or "oxyanion" refers to a negatively charged moiety containing at least 
one oxygen atom in combination with another element. An oxyanion is thus an oxygen-containing anion. It is under- 
stood that ions do not exist in vacuo, but are found in combination with charge-balancing counter ions. 

The catalyst contains at least one other promoter in an amount sufficient to enhance the efficiency of the catalyst 
as compared to a similar catalyst but which does not contain the promoter. Often, the promoter comprises a compound 
of an element other than cobalt which is selected from Groups 1a and/or 2a and/or from Groups 3b through 7b, inclu- 
sive, and 3a through 7a, inclusive, of the Periodic Table. (References to the Periodic Table herein shall be to that as pub- 
lished by the Chemical Rubber Company Cleveland, Ohio, in CRC Handbook of Chemistry and Phvsics, 46th Edition, 
inside back cover.) The preferred anionic promoters include the oxyanions of the elements other than oxygen having an 
atomic number of 5 to 83 of Groups 3b through 7b, inclusive, and 3a through 7a. inclusive, of the Periodic TaWe. More 
preferably, the promoters are one or more of the oxyanions of nitrogen, sulfur, tantalum, molybdenum, tungsten and 
rhenium, still more preferably one or more of the oxyanions of nitrogen, sulfur and rhenium. Many of these anionic pro- 
moters are characterized as both increasing efficiency and reducing activfry of the catalysts. 

In a preferred aspect of the invention, the catalyst comprises alkali metal nitrate, especially potassium and/or rubid- 
ium nitrate, especially in amounts greater than about 400 or 500 parts per million (ppm) by weight based on the weight 
of catalyst. In this aspect of the invention, a nitrogen and oxygen-containing compound, e.g., nitrogen oxide, nitrogen 
dioxide, nitrous oxide, etc. may be introduced into the reaction zone containing the catalyst as a cc-ptomoter to 
enhance at least one of activity; efficiency and stability of the catalyst performance. 

An aspect of this invention relates to the use of the aforementioned catalysts in epeoddizing alkene to alkyte"© 
oxide, especially ethylene to ethylene oxide. 

Detailed Discussion 

Alkylene oxides made using the catalysts of this invention are characterized by the structural formula 



wherein R 1 and R 2 are lower alkyl, e.g.. methyl or ethyl or, preferably, hydrogen. Most preferably the alkylene oxide is 
ethylene oxide. The alkylene oxides are made from the corresponding alkene. i.e.. R 1 HC-CHR*. For purposes of ease 
of understanding, the following discussion will be made with reference to ethylene oxide and ethylene. 

The catalysts of this invention are characterized by combining a sufficient amount of at least one cobalt component 
to enhance the activity and/or efficiency and/or stability of the catalyst as compared to a similar catalyst which does not 
contain the cobalt component Although the catalysts can be used under widely varying process conditions, for pur- 
poses of determining whether sufficient cobalt component has been incorporated into the catalyst, a standard set of 
process conditions can be used. 

The STANDARD ETHYLENE OXIDE PROCESS CONDITIONS (ABBR. "CONDITIONS") for characterizing the cat- 
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alysts of this invention invoke the use of a standard backmixed autoclave with full gas recycle including carbon dioxide. 
The CONDITIONS may be operated with some variation in ethylene, oxygen and gas phase inhibitor feed. Two cases 
are illustrated: air process condition^ which simulates in the backmixed reactor the typical conditions employed in com- 
mercial air-type ethylene oxide processes where air is used to supply the molecular oxygen and the oxygen p rocess 
conditions, which simulates in the backmixed reactor the typical conditions in commercial oxygen-type ethylene oxide 
processes where molecular oxygen, as such, is employed. Each case provides a different efficiency but it is the rule for 
practically all cases that with air as the oxygen feed, using lower amounts of oxygen and ethylene will yield an efficiency 
to ethylene oxide which is about 2 to 4 percentage points lower than that when molecular oxygen is employed as oxygen 
teed. When the catalyst contains a redox-half reaction pair salt and is intended to be used in conjunction with the cor- 
responding efficiency-enhancing gaseous member of a redox-haif reaction pair, the CONDITIONS provide for the pres- 
ence of such gaseous member. The CONDITIONS employ 2.0 mole % ethylene oxide in the outlet gas of the reactor 
under the following standard inlet conditions : 



Component 


Air process Conditions. 
Mole% 


Oxygen process Condi- 
tions. Mole % 


Oxygen 
Ethylene 
Ethane 

Carbon Dioxide 
Nitrogen 

Parts per million ethyl chloride (or one-half such amount whan 
ethylene dichloride is used) 

Parts per million gaseous member of redox-half reaction pair 
(when required for catalyst) 


s.o 
8.0 
0.5 
6.5 

Balance of Gas 
Optimum for Efficiency 

Optimum for Efficiency 


s.o 
30 
0.5 
6.5 

Balance of Gas 
Optimum for Efficiency 

Optimum for Efficiency 



The CONDITIONS employ the well known backmixed bottom-agitated "Magnedrive" autoclaves described in Figure 2 
of the paper by J, M. Berty entitled "Reactor for Vapor Phas^Catalytic Studies", in Chemical Ennineerinrj Ptanrt** Vol. 
70, No. 5, pages 78-84, 1974. 

The pressure is maintained constant at 1895 kPa gauge (275 psig) and the total outlet flow is maintained at 0.64 
standard m 3 /h (22.6 SCFH) SCFH refers to cubic feet per hour at standard temperature and pressure, namely, 0°C and 
one atmosphere. The outlet ethylene oxide concentration is maintained at 2.0% by adjusting the reaction temperature. 
Thus temperature ("C) and catalyst efficiency are obtained as the responses deserving the catalyst performance. 

The catalyst test procedure used in the CONDITIONS involves the following steps: 

1 . 80 cm 5 (cc) of catafyst are charged to the backmixed autoclave. The volume of catalyst is measured in a 2.54 
cm (1 inch) I. D. graduated cylinder after tapping the cylinder several times to thoroughly pack the catalyst. The vol- 
ume of catalyst is alternatively calculated from the packing density of the carrier and the amount of silver and addi- 
tives. The weight of the catalyst is noted. 

2. The backmixed autoclave is heated to about reaction temperature in a nitrogen flow of 0.57 standard m 3 Vh (20 
SCFH) with the fan operating at 1500 rpm. The nitrogen flow is then discontinued and the above-described feed 
stream is introduced into the reactor. The total gas outlet flow i 5 adjusted to 0.64 standard m 3 Ai (22.6 SCFH). The 
temperature is set at 220° C. 

3. The temperature is raised over the next three days to 255° C. The selectivity and the activity of the catalyst to 
ethylene oxide are thus obtained. 

The standard deviation of a single test . result reporting catalyst efficiency in accordance with the procedure 
described above is about 0.7% efficiency units. The standard deviation of a single test result reporting catalyst activity 
in accordance with the procedure described above is about 0.03 mole% ethylene oxide. The standard deviation, of 
course, will depend upon thequafityofthe equipment and precision of the technio?jes used in conducting the tests, and 
thus will vary. The test results reported herein are believed to be within the standard deviation set forth above. The run- 
ning of a multiplicity of tests will reduce the standard deviation, by the square root of the number of tests. 

The activity stability and efficiency stability of a catalyst is conveniently determined under the CONDITIONS. The 
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rate of decrease in activity and efficiency with time is indicative of the activity stability and efficiency stability of the cat- 
alyst. Usually, the study is conducted for about 50 days with a deita ethylene oxide concentration across the catalyst of 
about 2 mole percent. The time to provide an indication of stability may be 20 or 30 days at ethylene oxide production 
rates of about 2 mole percent. 

s The amount of cobalt component is generally sufficient to provide an increase in efficiency stability under CONDI- 
TIONS of at least about 0.5, preferably at least about 1 , efficiency percentage point after 50 days of operation. Most 
destably, oxygen process conditions are used. In determining the enhancement in efficiency stability, the process and 
catalyst should be under steady state conditions. In some instances, the catalyst activates over a period of time, even 
as much as a week or more, before the catalyst reaches peak initial activity. The reason for this period of activation in 

10 some catalysts is not known and may be due to chemical and/or physical conditioning of the catalyst Therefore, the 
initial activity of a catalyst is usually determined after the catalyst has been on-stream for at least about 24, preferably 
for at least about 120 to 170, hours. 

The optimal amount of the ooball component may vary with silver content, the amounts and types of other promot- 
ers present and the chemical and physical properties of the carrier. However, the cobalt component is often present in 

is an amount of at least about 1 0, preferably at least about 25. ppmw (parts per million by weight) calculated as the weight 
of cobalt on the total catalyst If too much cobalt component is used, the catalyst performance, e.g., efficiency and/or 
activity andfor stability, may suffer. If too little cobalt component is present, it is also possible that the performance of the 
catafyst will suffer or the amount present will be insufficient to show the desired catalytic effect In determining desired 
amounts of cobaft component, a traverse of cobalt component concentrations in the catalyst composition can be 

so effected with the catalysts being evaluated for performance, In some instances, it may be desirable to vary the amounts 
of other components, e.g„ silver and other promoters, to achieve beneficial combinations of effects and optimal catalyst 
performances. Usually, the amount of cobalt component fails within the range of about 25 to 1 000, pref erabfy. about 50 
to 500, ppmw calculated as the weight of cobalt. 

The cobalt component can be provided in various forms, e.g., as a ccvalent compound such as cobalt oxide, as a 

3s cation or as an anion. The specific one or more cobalt species that provide enhanced activity and/or efficiency and/or 
stability are not certain and may be the component added and/or that generated during catalyst preparation or during 
use as a catalyst Although the cobaft species that provide the beneficial properties to the catalysts are not known with 
specif icily, suitable results are obtained when the cobalt component is added to the catalyst in the form of a cation, e.g. , 
cobaft nitrate. The cobalt may be in the +2 oxidation state or +3 Oxidation State when added. 

so Cobalt components include, but are not limited to, cobaJtous oxide, cobattic oxide, cobaltous nitrate, cobaltic nitrate, 
cobaltous nitrite, cobartic nitrite, cobaltous sulfate, cobaltic sulfate, cobaltous acetate, cobattic acetate, cobaltous cit- 
rate, cobaltic citrate, cobaJtous lectate, cobaltic lactate, cobaltous oxalate, cobaltic oxalate, cobaltous chloride, cobaltic 
chloride, ammonium cobaltate. cesium cobaltate, potassium cobaltate, sodium cobaltate, cobalt (II) complexes, cobalt 
(II 0 complexes and the lite. Examples of complex] ng agents useful in forming the cobalt complexes include ethytenedi- 

ss aminetetraaeetic acid (EDTA); N, N'-ethylenediaminediacetic acid; N-rrydioxyemylemyfenediaminetriacetic acid; dieth- 
ylenetriaminepentaacetic acid: nrtrilotriacetic acid: N-hydroxyethvl-irninod]acetjc arid; N-dihydroxyethytglycine; etc.. 
Mixtures of oobalt-containing compounds may be used. 

As with any catalyst for making ethylene oxide which provides optimum performance, a correlation exists among 
many factors. Factors frequently considered include: 

40 

(i) the nature of the support; 

(ii) the amount of silver on or in the support; 

(iii) the components and amounts thereof in or on the support; 

(iv) the impurities or contaminants provided with the silver or other components; 
45 (v) the procedure to make the catalyst; and 

(vi) the conditions under which the catalyst Is used to produce ethylene oxide. 

However, in attempting to define any catalyst there must be a base value from which other factors are determined 
especially when the factors are variables, each dependent upon the base value for meaning. In the case of this inven- 

so tlon, the base value can be the amount of silver or a combination of the amount of siiver and the nature of the support. 
In most cases the tetter combination will be the base value. Because at least two values will comprise the base value 
far catalyst performance, it is apparent that correlations between such combinations and other factors can be quite 
complex. There is no common thread of logic which integrates all of these combinations and/or factors. To that extent, 
practice of the invention requires experimental efforts to achieve all or essentially all of the benefits of this invention. 

55 Without departing from this script, one skSled in the art can readily achieve the optimum performances of the catalysts 
of this invention, ft should be recognized that such script is commonly followed by the artisan in making any commer- 
cially-employable ethylene oxide catalyst. The elements of the script are dependent upon the technology employed in 
making the catalyst 
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The concentration of silver in the finished catalyst may vary from about 2 to 45 or more, often about 2 to 40 or more, 
weight percent, a commercially preferred range being from about 6% to about 35% by weight of silver. Lower silver con- 
centrations are preferred from an economic standpoint However, the optimum silver concentration for any particular 
catalyst will be dependent upon economic factors as well as performance characteristics, such as catalyst efficiency, 
5 rate of catalyst aging and reaction temperatu re. 

The support or carrier employed in these catalysts in its broadest aspects is selected from the large number of 
porous refractory catalyst carriers or support materials which are considered relatively inert in the presence of the eth- 
ylene egoxidat'on feeds, products and reaction conditions. Many such materials are known to persons skilled In the art 
and may be of natural or synthetic origin and preferably are of a macroporous structure. 
10 The chemical composition of the canier is not narrowly critical. Carriers may be composed, for example, of alpha- 
alumina, silicon carbide, silicon dioxide, zkoonia. magnesia and various clays. The preferred carriers are alpha-alumina 
particles often banded together by a bonding agent and have a very high purity, i.e., at least 98 wt % alpha-alumina, 
any'remaining components being silica, alkali metal oxides (e.g., sodium oxide) and trace amounts of other metal -con- 
taining and/or non-metal-containing additives or impurities; or they may bB of lower purity, e.g., about 80 wt. % alpha- 
's alumina, the balance being a mixture of srBcon dioxide, various alkali oxides, alkaline earth oxides, ion oxides, and 
other metal and non-metal oxides. The carriers are formulated so as to be inert under catalyst preparation and reaction 
conditions. A wide variety of such carriers are commercially available. Alumina carriers are manufactured by United 
Catalysts, Inc., Louisville, Kentucky, and the Norton Company, Akron, Ohio. 

In the case of alpha alumina-containing supports, preference is given to those having a specific surface area as 
so measured by the B.ET. method of from about 0,03 m 2 /g to about 10 nfVg, preferably from about 0.05 m^g to about 5 
rmVg, more preferably from about 0.1 rrr^/g to about 3 rrr^/g, and a water pore volume as measured by conventional 
water absorption techniques of from about 0.1 to aboutQ.85 cnr^/g (ee/g) by volume. The B.E.T method for determining 
specif ic surface area is described in detail in Brunauer, s„ Emmet P. and Teller. E. J. Am. Chem. ftoc.. 60, 309-15 
(1938). 

a$ Certai n types of alpha alurrina-containi ng supports are particularly preferred. These alpha alumina supports have 
relatively uniform pore diameters and are more fully characterized by having (1) B.E.T specific surface areas of from 
about 0.1 rrfrg to about 3.0 m 2 /g, preferably about 0. 1 m 2 /g to about 2.0 m 2 /g and (2) water pore volumes of from about 
0.10 cmfVg (cc/g) to about 0.85 cm 3 /g (cc/g), preferably from about 0.25 cm 3 /g (cc/g) to about 0.75 cm 3 /g (co/g). Median 
pore diameters for the above-described carriers range from about 0.01 to 100 urn (microns), a more preferred range 

30 being from about 0.5 to SO ^m (microns). The carriers may have morxxnodal. bimodal or multimodal pore distributions. 
Typical properties of some supports found in the literature are shewn in Table I. 
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TABLE i 





Carrier 


A 


B 


C 


D 


E 


F 


5 


B.E.T. Surface 
Area rrrVg^ 


0.21 


0,42 


0.42 


0.48 


0.57 


206 




Water Pore Vol- 
ume, cm 5 /g (cc/g) 


0.26 


0.36 


0.41 


.0.49 


0.44 


0.65 


10 


Crush Strength, 
FPCS, kg (tx>)&> 


100% (20 lbs) 9 kg 


97% (15) 6.6 


Avg, 21 Range 
(15-30) 6.6^13.5 


90% 14 (6.3) 


90% 15(6.8) 


No Data 


15 


Total Pore Vol- 
ume, Hg, [cc/tfty 


0.26 


0.42 


0.42 


0.46 


0.42 


0.65 




Average Pore 
Diameter. Hg, 
(Angstroms)^ 
nm 

Median Pore 
Diameter, Hg, 
(microns)< c *> 


62 (620) 
3.7 


56 (560) 
2.7 


68(640) 
6-4 


55(550) 
3.4 


. 77 (770) 
2.4 


100 (1000) 
2.5 


25 


Percent Pore Vol- 
ume in Pores 
Greater than 35 
nm (350 Ang- 
stroms)^ 


90.0% 


66.5% 


89.5% 


89.1% 


91.5% 


94.1% 


30 


Percent Pore Vol- 
ume in Pores 


67.0% 


82.5% 


83.4% 


82.3% 


83.5% 


61.0% 


35 


Greater than 1 
pm (Micron)**) % 
Wt. Alpha Alu- 
mina 


99.5 


9S 


96.5 


98.5 


98 


70^75 




Water Leachable 
Na, ppmw 


12 


56 


21 


24 


18 


No Data 


AO 


Acid-Leachabte 
Na.ppmw 


40 


96 


87 


51 


45 


No Data 




Water-Leacha- 
ble K, ppmw 


5 


22 


21 


22 


10 


No Data 


45 


Add-Leachabie 
Fe, ppmw 


2 


5 


No Data 


1 


5 


No Data 




% Wt. SiOz 


.5 


2 


1.5 


.15 


2 


25-30 



w Method of Brunauer, Emmet and Taller, ioq. crt. 
W Flat Plate Crush Strength, single pellet. 

(c) Determined by mercury intrusion to 379500 kPa (55,000 peia) using Micrometrics Autopgre 9200 or 921 0 (l30°Contsd 
antfe, 0.473 Ufm surface tension of Htj). 

W Median pore diameter represents the pore diameter wherein 50% of the total pore volume is found in pores having iess 
than {or greater than} the median pore diameter. 

6$ Regardless of the character of the support or carrier used, it fe preferably shaped into particles, chunks, pieces, pel- 
lets, rings, spheres, wagon wheels, cross-partitioned hollow cylinders (or rings), and the lite of a size suitable for 
employment in fixed bed reactors. Conventional commercial fixed bed ethylene oxide reactors are typically in the form 
of a plurafrty of parallel elongated tubes (in a suitable shelf) approximately 1 .8 to 6.9 cm (0.7 to 2.7 inches) O.D. and 1 .3 
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to 6.4 em (O.S to 2.5 inches) I.D. and 4.6-13.7 m (15-45 feet) long filled with catalyst in such reactors, H is desirable to 
empfoy a support formed into a rounded shape, such as, for example, spheres, pellets, rings, cross-partitioned rings, 
tablets and the (ike, having diameters from about 0.25 cm (0.1 Inch) to about 2.0 cm (O.S inch). 

As with an/ supported catalyst, the optimal performance will depend upon optimizing the carrier in terms of its 
5 chemical composition (including impurities), surface area, porosity and pore volume. However, the enhancement in per- 
formance provided by this invention may be most pronounced when using less than optimized carriers. Thus, in dem- 
onstrating the invention in the examples, a variety of carriers are used. 

The catalysts of this invention contain, in addition to the cobalt component at least one other promoter or modifier 
to enhance the performance of the catalyst, e.g.. to enhance efficiency and/or reduce the burning of ethylene oxide 
ar *vor affect activity. These promoters or modifiers are generally provided as chemical compounds. 

For the sake of ease of understanding, the promoters will be referred Id in terms of cation promoters, e.g., alkali 
and alkaline earth metals, and anion promoters. Compounds such as alkali metal oxide or MoO^, while not being ionic, 
may convert to ionic compounds, e.g., during catalyst preparation or in use. Whether or not such a conversion occurs 
they will be referred to herein in terms of cation and anion species, e.g.. alkali metal or mdybdate. 
ts Frequently, the catalyst contains alkali metal and/or alkaline earth metel as cationic promoter. Exemplary of the 
alkali metal and/or alkaline earth metals are lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium, cal- 
cium, strontium and barium. Other cationic promoters include Group 3b metal ions including scandium, yttrium, lantha- 
num and the lanthanide series metals. In some instances/ the promoter comprises a mixture of cations, e.g., cesium 
and at least one other alkali metal, to obtain a synergistic efficiency enhancement as described in British Patent No. 
20 2.043.461 discussed above. The cation promoter may, of course, provide the counter ion to a cobaltate anion compo- 
nent Cesium salts alone or in combination with other salts are often used. 

In many instances, the catalyst preferably comprises sa it (s) of at least one oxyanion of an element (other than oxy- 
gen) having an atomic number of 5 to 83 and being from groups 3b through 7b. inclusive, and Qroups 3a through 7a, 
inclusive, of the Periodic Table. In some instances, it has been found beneficial to add more anion than is required to 
25 associate with the total alkali metal and alkaline earth metal being provided to the catalyst. The reason why such addi- 
tional anion is beneficial in these situations Is not known. The additional anion may be added in the form of an acid, an 
ammonium salt, an amine saft, etc.. or a portion of the alkali metal and/or alkaline earth metal may be added as an acid 
salt, e,g., cesium hydrogen sulfate. 

The concentration of the sah(s) (including any other alkaS metal and alkaline earth metal salts) in the finished cat- 
so alyst is not narrowly critical and may vary over a wide range. The optimum salt concentration for a particular catalyst 
will be dependent upon performance characteristics, such as, catalyst efficiency, rate of catalyst aging and reaction 
temperature. 

The concentration of salt (based on the weight of the cation, e.g.. cesium) in the finished catalyst may vary from 
about 0.0005 to 1 .0 weight percent, preferably from about 0.005 to 0.5 weight percent. The preferred amount of cation 

35 promoter deposited on or present on the surface of the earner or catalyst generally lies between about 1 0 and about 
4000, preferably about 15 and about 3000 and more preferably between about 20 and about 2500 ppm by weight of 
cation calculated on the total carrier material. Amounts between about 50 and about 2000 ppm are frequently most 
preferable. When cesium is used in mixture with other cations, the ratio of cesium salt to any other alkali metal and alka- 
line earth metal satt(s), if used, to achieve desired performance is not narrowly critical and may vary over a wide range. 

40 Theratioof cesium salt to me omersart(s) may vary from about 0.0001:1 to 10,000:1, preferably from about 0.001:1 to 
1,000:1. Preferably, cesium comprises at least about 10, more preferably, about 20 to 100. percent (weight) of the total 
added alkali metal and alkaline earth metal in the finished catalyst. 

In some preferred ernbodirrients of this invention especially when using other than a redox pair catalyst the amount 
of leachable potassium cation as determined by leaching in a mineral add, particularly nitric acid in a concentration of 

49 about 10 percent by volume at a temperature of about 90°C for about 1 hour followed by washing with distilled water, is 
less than about 50, preferably less than about 25, e.g., 0 to about 25, ppmw based on the weight of the catalyst. In some 
instances, the lew level of leachable potassium appears, in 'combination with the cobalt component, to enhance or to 
permit the cobart component to achieve greater enhancement of the activity and/or stability of the catalyst Also, in 
many instances, preferred embodiments of the catalysts of this invention contain less than about 100, e.g., less than 

so about 50, ppmw of leachable sodium cation as determined by the above procedure. 

The types of anion promoters or modifiers suitable for use in the catalysts of this invention comprise, by way of 
example only, oxyanions such a sulfate. SO/ 2 , phosphates, e.g.. P0 4 - 3 , titanates, eg., TiO s ' z ( manganates. eg 
Mncy, tantalates, e.g., Ta 2 CV 2 , molybdates, e.g., MoCV 2 . vanadates, e.g.. V 2 0 4 - 2 , chromates, e.g., CrO/ 2 . zircc- 
nates. e.g.. 2r0 3 " 2 ,poiyphospriat©s, nitrates, chlorates, bromates, borates, silicates, carbonates, tungstates, thiosul- 

55 fates, cerates and the like. Halide ions may also be present as anions and includef luoride chloride, bromide and iodide. 
It is well recognized lhat many anions have complex chemistries and may exist in one or more forms, ag M 
orthovanadate and metavanadate: and the various molybdate oxyanions such as Mo0 4 " 2 , Mot<V 6 and rvk^O/ 2 .The 
oxyanions may also include mixed metal-containing oxyanions including polyoxyanion structures. Ffor instance, manga- 
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nese and molybdenum can form a mixed metal oxyanion. Similarly, other metals, whether provided in anionic, cationfe, 
elemental or covalent form may enter into anionic structures. 

While an oxyanion. or a precursor to an oxyanion, may be used in solutions impregnating a carrier, it is possible 
that during the conditions of preparation of the catalyst and/or during use. the particular oxyanion or precursor initially 
present may be converted to another form. Indeed, the element may be converted to a catbnic or covalent form. Pref- 
erably, the element is associated with oxygen, i.e., is an oxyanion. a covaient oxide or has an oxygan<antaining anion. 
In many instances, analytical techniques may not be sufficient to precisely identify the species present. The invention 
is not intended to be limited by the exact species that may ultimately exist on the catalyst during use but rather reference 
herein to oxyanions is intended to provide guidance to understanding and practicing the Bwention. 

Anion promoters include, but are not limited to, the sulfates and oxyanions of rhenium, molybdenum, tungsten 
and/or chromium. Examples of anions of suffur thai can be suitably applied include sulfate, sulfite, bisulfite, bisulfate. 
sulfonate, persuifate, thiosuHate, dithbnate, dithionite. halosulfate. e.g.. fluorosuffate, etc. Preferred compounds to be 
applied are ammonium sulfate and the alkali metal sulfates. Examples of anions of molybdenum, tungsten and chro- 
mium thai can be suitably applied include molybdate, dimolybdate, paramolybdate, other iso- and heteropdyrnolyb- 
dates, etc.; tungstate, paratungstate, metatungstate, other iso- and hetero- polytungstates, etc.; and chromate. 
dichromate chromite, halochromate, etc. Preferred are sulfates, moJybdates, tungstates and chromates. 

When the catalyst comprises rhenium, the rhenium component can be provided in various forms, e.g., as the metal, 
as a covalent compound, as a cation or as an anion. The rhenium species that provides the enhanced efficiency and/or 
activity is not certain and may be the component added or that generated either during preparation of the catalyst or 
during use as a catalyst. Examples of rhenium compounds include the rhenium salts such as rhenium haltdes, the rhe- 
nium oxyhalides, the rhenates, the perrhenates, the oxides and the acids of rhenium. However, the alkali metal perrhen- 
ates, alkaline earth metal perrhenates, silver perrhenates, other perrhenates and rhenium heptoxide can also be 
suitably utilized. Rhenium heptoxide, Re 2 C>7,when dissolved in water, hydrolyzes to perrhenic acid, HReO* or hydro- 
gen perrhenate. Thus, for purposes of this specification, rhenium heptoxide can be consWered to be a perrhenate. i.e., 
Re0 4 . Similar chemistries can be exhibited by other metals such as molybdenum and tungsten. 

The amount of anion promoter may vary widely, e.g., from about 0.00OS to 2 weight percent, preferably from about 
0.001 to 0.5 weight percent based on the total weight of the catalyst. When used, the rhenium component is often pro- 
vided in an amount of at least about 1, say. at least about 5. e.g., about 10 to 20Q0, often between about 20 and 1000. 
ppmw calculated as the weight of rhenium based on the total weight of the catalyst. 

Another class of promoters includes manganese components. In many instances, manganese components can 
enhance the activity and/or stability of catalysts. The manganese species that provides the enhanced activity and/or 
stability is not certain and may be the component added or that generated either during catalyst preparation or during 
use as a catalyst Manganese components include, but are not limited to, manganese acetate, manganese ammonium 
sulfate, manganese citrate, manganese drthionate, manganese oxalate, manganous nitrate, manganous sulfate, and 
manganate anion, e.g., permanganate anion, manganate anion, manganese complexes, e.g., with manganese in the 
+2 or +3 oxidation state and complexed with a complexing agent, such as a compiexing agent selected from those set 
forth elsewhere herein, and the like. When used, the manganese component is often provided in en amount of at least 
about 1 . say, at least about 5, e.g., about 10 to 2000, or about 20 to 1 000. ppmw calculated as the weight of manganese 
based on the total weight of the catalyst. 

The catalysts of this invention may be of the type comprising at least one efficiency-enhancing salt of a member of 
a redox-half reaction pair which are intended 1o be employed in epoxidation processes in which at least one efficiency- 
enhancing gaseous member of a redox-half reaction pek is present (described hereinbefow). The term "rectox-half reac- 
tion" is defined herein to mean half-reactions like those found in equations presented in tables of standard reduction or 
oxidation potentials, also known as standard or single electrode potentials, of the type found in, for instance, "Handbook 
of Chemistry", N. A. Lange, Editor, McGraw-Hill Book Company, Inc., pages 1213-1218 (1961) or "CRC Handbook of 
Chemistry and Physics", 65th Edition, CRC Press, Inc., Boca Raton, Florida, pages D1 55-162 (1984). The term "redox- 
half reaction pair" refers to the pairs of atoms, molecules or ions or mixtures thereof which undergo oxidation or reduc- 
tion In such hatf-reaction equations. Such terms as redox-half reaction pairs are used herein to include those members 
of the class of substances which provide the desired performance enhancement, rather than a mechanism of the chem- 
istry occurring. Preferably, such compounds, when associated with the catalyst as salts of members of a half reaction 
pair, are salts in which the anions are oxyanions. preferably an oxyanion of a polyvalent atom; that is. the atom of the 
anion to which oxygen is bonded is capable of existing, when bonded to a dissimilar atom, in different valence states. 
Potassium is the preferred cation, although sodium, rubidium and cesium may also be operable, and the preferred ani- 
ons are nitrate, nitrite and other anions capable of undergoing displacement or other chemical reaction and forming 
nitrate anions under epoxidation conditions. Preferred salts include KNO3 and KN0 2 , with KN0 3 being most preferred. 

The salt of a member of a redox-half reaction pair is added in an amount sufficient to enhance the efficiency of the 
epoxidation reaction. The precise amount will vary depending upon such variables as the gaseous efficiency-enhancing 
member of a redox-haff reaction used and concentration thereof, the concentration of other components in the gas 
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phase, the amount of silver contained in the catalyst, the surface area of the support, the process conditions, e.g., 
space velocity and temperature, and morphology of support Generally, however, a suitable range of concentration of 
the added efficiency-enhancing salt, calculated as cation, is about O.OT to about 5 percent, preferably about 0.02 to 
about 3 percent by weight, based on the total weight of the cataryst Most preferably the salt is added in an amount of 
about 0.03 to about 2 weight percent. 

In any event, each promoter, such as each metal-containing promoter, e.g.. whether cationic, anionic or nonionfc, 
is provided in a promoting amount As used herein the term "promoting amount" of a certain component of a catalyst 
refers to an amount of that component that works effectively to provide an improvement or enhancement in one or more 
of the catalytic properties of that catatyst when compared to a catalyst not containing said component. Examples of cat- 
alytic properties include, inlet alia, operafailrty [resistance to run-away), selectivity, activity, conversion, stability and 
yield, ft is understood by one skilled in the art that one or more of the individual catalytic properties may be enhanced 
by the "promoting amount" while other catalytic properties may or may not be enhanced or may even be diminished. 
Indeed, the promoter may enhance efficiency but decrease activity of the catalyst as determined under Standard Bh- 
ylene Oxkte Process Conditions. It is further understood that different catalytic properties may be enhanced at different 
operating conditions. For example, a catalyst having enhanced selectivity at one set of operating conditions may be 
Operated at a different set of conditions wherein the improvement shows up in the activity rather than the selectivity and 
an operator of an ethylene oxide plant will intentionally change the operating conditions in order to take advantage of 
certain catalytic properties even at the expense of other catalytic properties in order to maximize profits by taking into 
account feedstock costs, energy costs, by-product removal costs and the like. 

The promoting effect provided by the promoters can be affected by a number of variables such as for example, 
reaction conditions, catalyst preparative techniques, surface area and pore structure and surface chemical properties 
of the support the silver and co-promoter content of the catalyst and the presence of other cations and anions present 
on the catalyst. The presence of other activators, stabilizers, promoters, enhancers or other catalyst improvers can also 
affect the promoting effecfe. 

A variety of procedures maybe employed for preparing catalysts in accordance with the present invention. The pre- 
ferred procedure comprises: {1) impregnating a porous catalyst carrier with a solution comprising a solvent or solubiliz- 
ing agent, silver complex and any promoter or promoters in amounts sufficient to deposit the desired weight of silver 
and the aforementioned promoter or promoters upon the carrier, and (2) thereafter treating the impregnated support to 
convert the sifver salt to silver metal and effect deposition of silver and the promoter or promoters onto the exterior and 
interior surfaces of the support. For sake of repeatability, in the use and reuse of impregnating solutions the carrier 
should preferably not contain undue amounts of ions which are soluble in the impregnating solution and/or exchange- 
able with the promoter or promoters supplied to the catalyst, either in the preparation or use of the catalyst so as to 
upset the amount of promoter which provides the desired catalyst enhancement if the carrier contains such ions, the 
ions should generally be removed by standard chemical techniques such as leaching. Silver and promoter depositions 
are generally accomplished by heating the carrier at elevated temperatures to evaporate the remaining tiquki within the 
support and effect deposition of the silver and promoter or promoters onto the interior and exterior carrier surfaces. 
Impregnation of the earner is the preferred technique for silver deposition because it utilizes silver more efficiently than 
Coating procedures, the latter being generally unable to effect substantial silver deposition onto the Interior surface of 
the carrier. In addition, coated catalysts are more susceptible to silver loss by mechanical abrasion. 

The sequence of impregnating or depositing the surfaces of the carrier with silver and promoters is optional. Thus, 
impregnation and deposition of silver and salts may be effected coincidentally or sequentially, i.e.. the promoters may 
be deposited prior to, during, or subsequent to siiver addition to the carrier. The promoters may bedeposited together 
or sequentially. For example, one or more of the salts may be deposited first followed by the coincidental or sequential 
deposition of silver and additional or other salts. In instances in which the silver component in the silver impregnation 
solution may interfere with the compound providing the promoter, or, alternatively, the compound providing the promoter 
may interfere with the silver component in the impregnation solution, it is frequently desirable to use a sequential dep- 
osition process in which the silver is deposited and calcined and then the promoter compound is impregnated onto the 
support. 

Impregnation of the catalyst carrier is effected using one or more solutions containing silver and promoters in 
accordance with well-known procedures for coincidental or sequential depositions. For coincidental deposition, follow- 
ing impregnation the impregnated earner is heat or chemically treated to reduce the silver compound to silver metal and 
deposit the salts onto the catalyst surfaces. 

For sequential deposition, the carrier is initially impregnated with silver or promoter (depending upon the sequence 
employed) and then heat or chemically treated as described above. This is followed by a second impregnation step and 
a corresponding heat or chemical treatment to produce the finished catalyst containing silver and promoters. 

In one useful embodiment, the silver-containing carrier is subsequently impregnated using a solution containing a 
metal-containing promoter other than alkali metals or alkaline earth metals, the solution being chosen so that the metal- 
containing promoter has an increased affinity to the silver-containing carrier relative to its affinity to the carrier without 
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saver and/or is associated with, preferably adsorbed on and more preferably deposited on, frie silver-containing carrier 
at an increased rate relative to the rate at which the promoter would be associated with the carrier without silver. This 
method facilitates catalyst preparation and produces catalysts which are effective for alkene epoxidation. This method 
is more fully described in US. patent No. 5.1 12.795. 

In making the catalysts of this invention, some promoters such as some alkali and alkaline earth metal salts have 
such high melting temperatures that when deposited on the support with sfver compound, and subjected to heating to 
convert the silver compound to silver metal, the seJts may remain essentially unchanged. Of course, it is realized that 
alkali metal and alkaline earth metal salts having an unstable oxidation state will change to a stable oxidation state or 
states. e.g.. sulfites to sulfates. When, for instance, the alkali metal or alkaline earth metal is deposited as the hydroxide 
or carbonate, it may be transformed in the presence of amines, which may be used in the Impregnation of the catalyst, 
to a different salt form 0 e.. nitrate) during the heating (roasting) step depending on the roast conditions. 

The silver solution used to impregnate the carrier is comprised of a silver compound in a solvent or complexing/sol- 
uWlizing agent such as the silver solutions disclosed in the art The particular silver compound employed may be cho- 
sen, for example, from among silver complexes, nitrate, silver oxide or silver carboxylates, such as silver acetate, 
oxalate, citrate, phthslate, lactate, propionate, butyrate and higher fatty acid salts. Desirably, silver oxide complexed with 
amines is the preferred form of silver in the practice of the invention. 

A wide variety of solvents or eorrplexingfolubilizing agents may be employed to soluble silver to the desired con- 
centration in the impregnating medium. Among those disclosed in the art as being suitable for this purpose are lactic 
acid (US. Patent Nos. 2,477,436 to Aries; and 3,501.417 to DeMaio); ammonia (US. Patent 2,463,228 to West et al )• 
alcohols, such as ethylene glycol (US. Patent Nos. 2,325,701 to Endter. et al.,; and 3,563,914 to WattJmina)- and 
emnes and aqueous mixtures of amines (U.S. Patent Nos. 2,459,896 to Schwarz; 3,563.914 to Wattimina: 3 215 750 
to Benisi; 3,702,259 to Nielsen; and 4,097,414, 4.374.260 and 4,321 ,206 to Cavitt), 

The metal-containing promoter or promoters themselves may be present as complexes in the impregnating solu- 
tion, in particular in such a solution which also contains silver, prior to being associated with the carrier. Such complexes 
may conveniently be derived by including one or more complexing agents effective to form a complex with at least one 
metal species, e.g., metal-containing promoter precursor, in the impregnating solution, or solution precursor (e.g., a liq- 
uid medium containing undissolved metai-corrtaintng promoter precursor) in an amount effective to enhance the solu- 
bility and/or solubility stability of the metal-containing promoter in the solution or solution precursor. The enhancement 
in solubility and/or solubility stability Is determined by comparing similar impregnating solutions or solution precursors 
m which the metal-containing promoter is complexed and in which the metal-containing promoter is not complexed with 
the complexing agent and/or with and without the complexing agenf. The term "solubility stability" is a measure of the 
ability of a metal -containing promoter to remain in solution over time, the longer the time the more solubility stable the 
metal-containing promoter ib. 

The complexing agent or agents useful to form the metal-containing promoter complexes thereof may be Chosen, 
e.g.. from among conventional and well known complexing agents, to provide the desired solubility anaVor solubility sta- 
bility. The selection of the particular complexing agent or agents to be employed is dependent on men/ factors, such 
as, the metal-containing promoter to be employed, the composition of the impregnation solution or solution precursor 
the conditions at which the impregnation solution or solution precursor is to be held prior to being used to impregnate 
the carrier, etc. Examples of complexing agents which may be useful include ethylenediaminetetraacetic acid (EDTA)- 
N, N'-ethylenediaminBdiacetic acid; N-frydrcxyethylethylenediaminetriacetic acid; diethylenetoaminepenfaacetfc ask* 
nitnlotriacetic add; N-rrydroxyethyl-iminodiacetic acid: N-dihydroxyethylglycine; etc.. . 

The amount of complexing agent employed varies widely, for example, depending on the specific complexing agent 
and on the specific metal species to be complexed, and on the amount of metal to be complexed. Preferably, the 
amount of cornplextng agent is at least about 50%. more preferably at least about 100%, of that needed to form com- 
plexes with the metal species to be complexed in the impregnating solution or solution precursor. Excesses of corrplex- 
ing agent over that needed to form the desired complexes may be employed, for example, so that the complexes can 
be maintained over a relatively long period of time. For example, the complexing agent may be inciuded-in an amount 
of at least about 1 50% or at least about 200% or at least about 400% or more of that needed to form the desired com- 
plexes. The amount of the complexing agent employed, e.g., in the impregnating solution or solution precursor, includes 
both the complexing agent which is complexed with the metal species and the additional or excess complexing agent 
if any, which is present in the impregnating solution or solution precursor and is not so complexed. 

' A particularly preferred process for making high silver content catalysts involves two or more sequential impregna- 
tions of silver, with or without promoters, each of which impregnations may be followed by roasting or other procedure 
to render the silver insoluble. Advantageously, the carrier has a high pore volume and surface area when using high sil- 
ver loadings. 

Following impregnation of the catalyst carrier with silver and/or promoter or promoters, the impregnated carrier par- 
ticles are separated from any remaining non-absorbed solution. This is conveniently accomplished by draining the 
excess impregnating medium or. alternatively, by using separation techniques, such as filtration or centrrfugaiion. The 
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impregnated carrier is then generally heat treated (e.g., roasted) to effect decomposition and reduction of the silver 
metal compound (complexes in most cases) to metallic silver and/or the deposition of the promoter or promoters Such 
roasting may be carried out at a temperature of from about lOO'C to 9QO°C, preferably from 200° C to 700»C for a 
period of time sufficient to convert substantially at! of the silver salt to sitver metal and/or to effect deposition of substan- 
tially all of the promoter or promoters. In general, the higher the temperature, the shorter the required time period For 
example^ «t a temperature of from about 400*C to 900*0, sitver reduction may be accomplished in about 1 to 5 minutes. 
Although a wide range of heating periods have been suggested in the art to thermally treat the impregnated support 
(e.g., US. Patent 3,563.914 Suggests heating for less than 300 seconds todry, but not roastto reduce, the catalyst U S 
Patent 3.702.259 discloses heating from 2 to 8 hours at a temperature of from 1 00°C to 375*C to reduce the silver salt 
l^l^i!.^ US ' Patent 3,962,1 36 1/2 to 8 h0ure ** the same temperature range), it fe only important 

that the time be correlated with temperature such that substantially complete reduction of the silver satt to metal and/or 
substantially complete deposition of the promoter or promoters are accomplished. A continuous or step-wise heating 
program .s desirably used for this purpose. Continuous roasting of the catalyst for a short period of time, such as for not 
longer than 1/2 hour is preferred and can be effectively done in making the catalysts of this invention. 

Heat treatment is preferabfy carried out in air. but a nitrogen or carbon dioxide atmosphere may also be employed 
The equipment used for such heat treatment may use a static or flowing atmosphere of such gases to effect reduction 
but a flowing atmosphere is much preferred. 

An important consideraiion in making the catalyst of this invention is to avoid the use of strongly acidic or basic 
solutions which can attack the support and deposit impurities which can adversely affect the performance of the cata- 
lyst The preferred impregnation procedure of U.K. Patent 2,043,481 coupled with the high roasting temperature short 
residence time procedure which the patent also described is espedaily beneficial in minimizing such catalyst corrtarni- 
nation. However, the use of the salts of this invention coupled with the high purity supports allows one to use lower tem- 
peratures though short residence times are preferred. 

The particle size of sih/er metal deposited upon the carrier is asserted by a portion of the prior art to be a function 
? 2f fSS^ . prep * raiion Procedure employed. This may seem to be the case because of the limited ability of the art 
to effectively view the surface of the catalyst. Thus the space between the silver particles seen on the carrier has not 
been characterized sufficiently to say whether such particles of silver represent all the silver on the carrier. However 
the particular choice of solvent and/or comptodng agent, sliver compound, heat treatment conditions and catalyst ear- 
ner may affect, to varying degrees, the range of the size of the resulting silver particles seen on the carrier. For carriers 
of general interest for the production of ethylene oxide, a distribution of silver particle sizes in the range of 0 005 to 2 0 
urn (microns) is typically obtained. However, the role of particle size of the silver catalyst upon the effectiveness of the 
catalyst in making ethylene oxide is not clearly understood. In view of me fact that the silver particles are known to 
migrate on the surface of the catalyst when used in the catalytic reaction resulting in a marked change in their size and 
shape while the catalyst is still highly effective suggests that the silver particle size viewed on the support may not be a 
signrficant factor in catatytic performance. 

The silver catalysts of the invention are particularly suitable far use in the production of ethylene oxide by the vapor 
phase oxidation of ethylene with molecular oxygen The reaction conditions for carrying out the oxidation reaction are 
well-known and extensively described in the prior art. This applies to reaction conditions, such as temperature pres- 
sure, residence time, concentration of reactants. gas phase diluents (e.g., nitrogen, methane and C0 2 ), gas phase 
inhibitors (e.g., ethylene chloride and ethylene dichloride). and the like. 

The gases fed to the reactor may contain modifiers or inhibitors or additives such as disclosed by Law et a! in U S 
Patents Nos. 2,279,469 and 2.279.470, such as nitrogen oxides and nitrogen oxides generating compounds. See also 
European Patent No. 3642 which describes catalysts comprising at least one efficiency-enhancing salt of a redox-harf 
reaction pair in conjunction with al least one gaseous efficiency-enhancing member of a redox-harf reaction pair. 

The terms "gaseous member of a redox-harf reaction pair-, "gaseous efficiency-enhancing member of a redox-half 
reaction pair", or like terms referred to herein have a meaning similar to that for the "salt of a member of a redox-half 
reaction pair" or like terms, defined above. That is, these terms refer to members of half -reactions, represented in stand- 
ard or single eJectiode potential tables in standard reference texts or handbooks which are in a gaseous state and are 
substances which, in the reaction equations represented in the texts, are either oxidized or reduced. The preferred gas- 
eous efficiency-enhancing materials are compounds containing an element capable Of existing in more than two 
valence states, preferably nitrogen and another element which is. preferably, oxygen. Examples of preferred gaseous 
efficiency-enhancing members of redox-half reaction pairs include at least one of NO. N0 2 , NjAj, WD, NgOg or any 
gaseous substance capable of forming one of the aforementioned gases, particularly NO and N0 2 , under epoxidation 
conditions, and mixtures thereof with one or more of PH 3 . CO, SO* SC^. P^, and PpO*. NO is often preferred as the 
gaseous efficiency-enhancing compound. 

• 2I1 0U ? l 2^ me 03565 A ' S P refem3d t0 ™<**ers of the same half -reaction pair in the reaction system, 

i.e., both the efficiency-enhancing salt member associated with the catalyst and the gaseous member in the feed- 
stream, as, for example, with a preferred combination of potassium nitrate and nitric oxide, this is not necessary in all 
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^ ^ i KN ° 3/9 J*" rf 602 and N0 ' ^ ate0 b * employ Jin the same system, in some 

^ - ^9^^ ambers may be found in different half-reactions which represent the first and last 

reactions in a series of half -reaction equations of an overall reaction. 

5 «h 71,9 ST*!? effic,ene ^ l « rtein 8 memha «' °f a r«fc«-haif reaction pair is also present in an amount sufficient to 
enhance the performance, such as the activity of the catalyst, and, particularly, , h8 efficiency of the epoxidatton^ 
^^2!^S!? 18 determ,ned - in P* rt - b * P***" eff iciarv^anhancing salt of a member of a redox-half 
Th -!f ? concen,ration the altene undergoing oxidation, and by other factors noted 

io tZtT^^^T^^ effldency ' €nhancjnG 5311 * a "^^^ °< a redox-haff reaction pair. Typically a 
surtabie concentration of the gaseous member of a redox-haff reaction pair for epoxidation of most alkenes, induding 
propylene is about 0.1 to about 2.000 ppm, by volume, of the gaseous feedstream when l^ Is used as ballast When 
a preferred gaseous member of a redox-half reaction pair, such as NO, is used in the epoxidation of propylene, the pre- 
Slf^lfl" ^T* 2 '^° PPm> by t volurne - wth an Nfe *»•«*. However, when ethylene is being oxWized, a 

» ^l^^Hw 6 ^ 1 to jS* ,t 100 ^ * V0,ume ' 0f ^ &* se0l4S components. Prefer 
2?* ? efficiency-enhancing member of a redox-half reaction pair is present in an amount of about 1 to about 

80 ppm when about 3 percent, by volume. C0 2 is present in the reaction mixture. When nitric oxide is employed as the 
! ™ 6nCy ; en ? r> T 9 c ° fT * ound in ^ eth y |ene «P«**1ton system, it fe present in an amount of about 0.1 to. 
about 60 ppm, preferaUy about 1 to about 40 ppm. when C0 2 is present in the reaction mixture, e.g.. in amounts up to 
scout d volume percent. 

20 w,™ 6 01 unreacted teed - w employing a single-pass system, or using successive reactions to 

increase ethylene converse by employing reactors in series arrangement can be readily determined by those skilled 
m the art The part.cular mode of operation selected will usually be dictated by process economics, 

Generally, the ccmmeraally-practiced processes are carried out by continuausty introducing a feed stream oontain- 
ing ethylene and oxygen to a caialyst-containing reactor at a temperature of from about 200°C to 300°C. and a pressure 

L^Sf; ^ SIden ^ timeB * n ^-scale reactors are generally on the order of about 0.1-5 seconds. Oxygen may 
be supplied to the Reaction In an oxygen-containing stream, such as air or es commercial oxygen. The resulting etny? 
Z tt*2^Tj?*? ^**- fram * 6 action products using conventional methods. However, for this invar,- 

30 c^^TtTl^T, T S !° n5the n ° rmaI 036 reCyC,e encom P asE ^ carbon dioxide recycle in toe normal 
30 concentrations, e.g„ about 0.5 to 6 volume percent. 

The present cobalt-corttaining catalyst may be used selectively to enhance the effectiveness of an alkene epoxida- 

Sr^i"' ^example toe resent «Wh*»*M, catalyst may be effective to EEt 

enhance the rate of start-up of the alkene epcxjdatxm process. In addition, the catalyst may provide increased catalyst 

* Z^^Jf^rn^^ ° f " ^ bSd 01 ***** to a similar which includes no cobalt 
"u^paSntS; t£3[£S^ These features * ihQ cobalt-comalnlng catalysts are more tolly described 

i„J^^f fiC S ™DARD EWLENE OXIDE PROCESS CONDITIONS are used in the examples below unless 
T, commercial processes, typical operating conditions can vary and the amounts of the ingredients 
employed can be adjusted to achieve toe best efficiencies. In particular the amounts of ethane, carbon dioxide and 
40 ^ rt a "; cc ^ Etoanefea^rnpXcT- 
^1 Jt* IS^T* 11™** ^ ™** lai - E ^ e ^ a ^^addedtoacomrnercialreactorto P ^ 
^??nl? e ^ 5 inh ' b,t0r aCti ° n - TypiCaSy * the amounl * * Bne ^ in commercial processes can vary from 
ft 5 m °' e p6rC6nt for aChievlnst both air process conditions and oxygen process 

* caSSh^T^?^ 00 it^T** 8 . in the r6aCt0r ' ^ effecfiVB concentration on the 

* catalyst ^ believed to be decreased thereby decreasing the ability of chloride to promote/inhibit reactions that increase 

TUl^Zi €%ton * ^ &m0unt * d "° rid6 ' ' ^ chloride » bichloride, can 

Proper/inhibitor action commensurate with the ethane leveis encountered in a par- 
tcuiar process and the type of promoters or mooSliers used in the catalyst The amount of organic chloride used in com- 
so Z^l^Tr ^ ^ fr ° m ab0Ut1 °PP m to 100 PP m for achieving optimi^tion under both air 

SSfof ^ ° Xy0en pr0G€SS c 0 ^^ 10 " 5 - Ca *°n dioxide is generally considered an inhibitor, and the inhibitor 
enertor carbon oiox.de on process efficiency may be variable with its concentration. With different types of promoters 
or modifiers Ajsed in preparation of the catalysts of this invention, different wncerrtrations of carbon dioxide may be 
? C6 ? in c u ommercial P^casses. Typically, the amount of carbon dioxide used in commercial processes 
« S!l V r y frc ^. about i to ab0wt 15 P^cent for achieving optimization under both air process conditions and oxygen 
ES^Il^l^" ^ iS d ^^^ *es4ze and type of^dioxide sc^bbirX 
are e^ecally suttabletor obtaining desired efficiencies in commercial ethylene oxide manufacture. Especially in the 
epoxjdation processes using at least one gaseous efficiency-enhancing member of a redox-half reaction pair in con- 
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junction with at least one salt of a member of a redox-half reaction pair on the catalyst, the concentration of carbon diox- 
ide is preferably maintained belcw about 1 .5. e.g., below about 1 .0 or even about 0.5, volume percent. 

Catalysts which have been subjected to process conditions for ethylene oxide manufacture such as STANDARD 
ETHYLENE OXIDE PROCESS CONDITIONS are considered an important aspect of this irZtioa 

The following examples are by way of aiustration only and are not to be construed as Smiting the scope of th e inven- 
tion described herein. 

Silver and promoter concentrations for all catalysts described in the specification are calculated values as 
deserted above. 

,« « ^J? 58 otherwise fipeoKed, carriers an* nominally ring shaped having dimensions of about 0.32 x 0.70 x 0 79 cm 
<1/B x 5/16 x 5/16 inch) or about 0.32 x 0.64 x 0.64 cm (1/8 x 1/4 x 1/4 inch). 
The following carriers are employed in one or more of the present examples. 

CARRIER "N" 

Chemical Composrtion of Carrie «n« 

aJpha-AJurrrina at least about 98 wt % 
Acid teachable impure 

Leachate contained 378 ppm sodium and 330 ppm potassium. 
Physical Prcpertipf>,rifikiriej^N: 



Carrier S 



Surface Area(l) 


1.166 m^g 


Pore volume (2) 


0.697 (cc/g) crmVg 


PacWng Density (3) 


(34.2 lbs/ft 3 ) 550 kg/m 3 


Median Pore Diameter (4) 


15 (microns) urn 


Apparent Porosity (%) 


72 


% Water Absorption 


654 


Bulk density 


1.1 (g/ccjg/cm 3 



(1) Method of Measurement doscribed in "Adsorption 
Surface Area and Porosity, S. J. Groag and K. S. W. 
Sing, Aoao-emfr Pn?$$ (1 967) , pages 3 1 6-321 . 

(2) Method of Measurement as described in ASTM G20- 
46. 

(3) Calculated value ba$cd on conventional measure- 
ment of Ihe weight of the carrier in a known volume con- 
tainer. 

{4> Method of Measwement desertoed in "Application of 
• Mercury Penetration to Materials Analysis'. C. Onr. Jr., 
PDWdarTarhnotofiY Vo) - 3, pp. 1 17-1 S3 (1970). 



Carrier S is an alpha-alumina carrier prepared by calcining a boehmite-ammonium btfluoride mixture containing 3 
weeht percent of ammonium bftluoride first at about 600"C and calcining again at about 1025*C. The chemical and 
physical properties of the carrier are given below: 
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Chemical ComoosStion of Qanw£ 



alpha-Alumina 


99wt% 


Fluoride 


055 wt% 



BfatRT Leachable Impuriaes 

6 ppm aluminum. 9 ppm calcium. 5 ppm magnesium, 1 ppm potassium, 13 ppm sodium. 36 ppm fluoride. 1 pom 
sulfate. 



Physical Properties of Can-ipr a 



Surface Area (t) 


1.24 m% 


Pore VblumsC 2 ) 


0.77 (cc/g) crrrVg 


Packing Density^ 


0.50 g/mJ 


Medium Pore Diameter^ 


1.7 (microns) urn 



(1) Method of Measurement described in 
"Adsorption Surface Area and PoroeJty, $. J. 
Gregg and K. S. W. Sing, Aga ^migPrp^ (1 967). 
pages 3lf*-321. 

(Z) Method of Measurement as described in 
ASTM C20.46. 

{3} Calculated value based on conventional 
measurement of the weight of the carrier in a 
known volume container. 
(4) Method of Measurement described in "Appfr- 
catfon of Mercury Penetration to Materials Analy- 
sis", C. Or, Jf., Powder TRnhp ^ony Vol. 3. pp. 
117-123(1970). 



Ppr e Size Distribution, % Total Pore Volume 



Pore Size urn (Microns) 


% Total Pore Volume 


Pi (<0.1) 


0.5 


P 2 (0.1-0,5) 


3 


P 3 (0.5*1.0) 


9.5 


P 4 (1.0-10) 


81 


P 5 (10-100) 


2 


PeMOO) 


4 



CARRIER T 

Carri8r T is an alpha-alumina carrier prepared by calcining a boehmite-ammonlum bifluoride mixture containing 3 
wetght percent of ammonium bifluoride first at about 600 D C and calcining again at about lO^C. The chemical and 
physica! properties of the carrier are given below: 
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Ch emical Composition of Carrier T 



alpha-Alumina 


99wt% 


Fluoride 


0.25 wt% 



Water Leacha ble Impurities 

8 ppm aluminum, 1 7 ppm calcium, 8 ppm magnesium, 5 ppm potassium. 6 ppm sodium, 55 ppm fluoride, 1 ppm 
sulfate. 

Physica l Properties, of Carrlsr T 



Surface Area(f) 


1.13 m/Vg 


Pore Volume(2) 


0.75 (cc/g) crrr^/g 


Packing Density(3) 


0.51 o/ml 


Medium Pore Diameter(4) 


2.1 (microns) urn 



(1) Method Of Measureirtentdesorbed in 
"Adsorption Surface Area and Porosity", S, J. 
Gregg and K. S. W. Sing . Academic Press (1 9S7), 
pages 31 6-321. 

(2) Method of Measurement as described in 
ASTM C20-46. 

(3) Calculated value based on conventional 
measurement of the weight of ihe earner in a 
known volume container. 

(4) Method of Measurement described in "Appli- 
cation of Mercury Penetration to Materials Analy- 
sis", C. Orr, Jr., Powder Tachrtoloov. Vol. 3, pp. 
117-123(1970). 



Pore Size Distribution. % Total Pore Volume 



Pore Sire urn (Microns) 


% Total Pore Volume 


Pi (<o.D 


0 


P 2 (0-1 -0.5) 


1 


P 3 (0-5-1.0) 


4.5 


P 4 (1-0-10) 


90.5 


P 5 (10-100) 


1.5 


P 6 (>100) 


2.5 



CARRIED 

Carrier U is Carrier T which had been washed five times with hot deionized water (approximately 7Q°Q. 
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CARRIER V 

Carrier V is an aipha-alumina carrier prepared by calcining a boahmi|e-amm<*ium bff luorid* mixture containing 3 
weight percent ammon.um bif lucride first at about 600° C and again at about 1 025°C. The carrier pills are extruded with 
a cross-part.tK>ned nng cross-sectional geometry and have a nominal length and diameter of about 0 79 cm (0 31 



Water-leachable impurities 


aluminum 


59 ppm 


calcium 


4ppm 


magnesium 


7ppm 


sodium 


16 ppm 


silicon 


1ppm 


zinc 


1ppm 


nitrate 


1opm 


phosphate 


1ppm 


sulfate 


20 ppm 


fluoride 


161 ppm 



Physical properties 


surface area (1) 


1.16 nf/g 


pore volume (2) 


0.76 (cc/g) errrVg 


packing density (3) 


0.50 g/ml 


median pore diameter (4) 


2.3 (microns) f*m 



(i> Method oi Measurement described in 
"Adsorption Surface Area and Porosity, S. J. 

Qra M and k. s. w. sin 0 , Academic Prm 

(1967), pages 31 6-321. 

(2) Method of Measurement as descrtoBd k\ 
aSTm C20-46. 

(3) Calculated value based on conventional 
measurement ct the weight of the carrier in a 
Known volume container. 

(4) Method of Measurement described in 'Appli- 
cation of Mercury Penetration to Materials Analy- 
sis*, C. Orr. Jr., Pgwdgf Technology, Vol. 3, pp. 
117-123(1970). 
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Pore Size distribution 


pore size, jim (microns) 


%lotal pore volume 


<0.1 


0 


0.1 -0.5 


1 


0.5-1.0 


5 


1.0-10 


88 


10-100 


2 


>10Q 


4 



The identity and amounts of water teachable components of carriers can be determined by any convenient analyt- 
ical technique. Generally, the carriers are heated in distilled water at a temperature of about 50* to 95*C often 90»C for 
about 0.5 to 2, e.g.. 1 hour. The liquid is then subjected to ion chromatography and Inductively Coupled Plasma Spec- 
troscopy techniques. 

STOCK SILVER SOLUTIONS 

Some of the silver imprecating solutions used during preparation of the example catalysts presented below are 
made on a large scale using the following procedure. The indicated amount of ethylenediamine (by weight) is mixed 
with the tnitial amount of distilled water. Oxalic acid dihydmte is slowly added such that the exotherm does not cause 
the temperature of the solution to rise above about 40- C. The indicated amount of silver oxide is added, followed by 
• monoethanolamine. DistHled water is added to bring the solution to the desired final weight 



Component (parts by 
weight) 


Type A 


Types 


TypeC 


ethylenediamine 


11,43 


11.47 


11.43 


initial water 


20.00 


20-00 


24.00 


oxalic acid dihydrate 


11.60 


11.60 


11.60 


silver oxide 


19.82 


19.82 


19.82 


monoethanolamine 


4.00 


4.01 


4.00 


add water to final weight of 


71.00 


71.00 


75.00 



EXAMPLES 1-3 

The preparation technique for the catalysts of Examples 1 (comparative), 2. and 3 is as follows. For the first Impreg- 
nation, a weighed amount of carrier S is placed in an impregnation vessel. The vessel is evacuated using a mechanical 
vacuum pump and the designated stock silver solution is added. The solution is allowed to contact the carrier for 30 min- 
utes at atmospheric pressure and is then allowed to drain from the carrier for 15 minutes. The first impregnated carrier 
is calcined in air on a belt roaster using the following procedure. The first impregnated carrier is spread out in a single 
layer and transported on a stainless steel belt through a 5.1 cm by 5.1 cm (2 in. by 2 in.) square heating zone in 2 5 
minutes. Hot air. heated externally by a tubular furnace, is discharged from a port immediately below the belt at about 
500* c at a rate of 66 standard cubic feet per hour per square inch. The roasted carrier is then returned to the impreg- 
nation vessel for the second impregnation. The solution for the second impregnation is prepared by adding KN0 3 to the 
designated stiver solution while stirring vigorously. The indicated amount of aXNOg^HaO, when used, is first dis- 
solved in a small amount of water and then added to the impregnating solution. The second impregnation is promptly 
carried out and the resulting second impregnated carrier is calcined again, both second impregnating and calcining 
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processes being conducted In the manner described above. For the catalysts of Examples 1 -3, specific details of the 
preparative procedure and the resulting catalysts are given below: 





Example 1 (comparative) 


Example 2 


Example 3 


carrier type 


S 


S 


S 


silver solution type 


B 


c 


A 




Wt parts 


Wt. parts 


Wt . parts 


carrier 


61.10 


60 62 


61.30 


First impregnation: 








sih^er solution 


192.5 


184.7 


191.1 


Second impregnation: 








silver solution 


190.2 


190.0 


1S6.8 


KNOg 


1.125 


1.018 


1.011 


CoCNOaJa-SHgO 




0.201 


0.387 


Catalyst Composition: 








Wt%Ag 


35.3 


33.7 


35.3 


ppmwK 


1405 


1394 


1367 


ppmw Co 




139 


271 



The prepared catalysts are evaluated in standard backmixed autoclaves generally in accordance with the test pro- 
cedure described previously with regard to the CONDITIONS. Approximately 80 cc of each catalyst is tested at a nom- 
inal gas space velocity of 8000 hr 1 using the following feed gas composition: 8 volume % oxygen, 30 volume % 
ethylene, about 5 ppmw ethyl chloride, about 5 ppmw nitric oxide, and the balance nitrogen. The catalysts of Examples 
1 and 2 are initially operated at 220*C and the temperature is raised on successive days to 230, 240, and 255°C. The 
catalyst for Example 3 is started at 240°c and raised to 255°C on the fallowing day. The concentrations of ethyl chloride 
and nitric oxkJe are adjusted as necessary to optimize the combination of activity and efficiency- The following perform- 
ance is observed: 



Example 


Day11%EO 


Day30%EO 




(outlet) 


%efficiency 


(outlet) 


^efficiency 


1 (comparative) 


2.22 


85.2 


1.59 


85.2 


2 


2.23 


86.2 


2.05 


86.0 


3 


2.21 


85.1 


2.03 


85.7 



These results indicate that the cobatt-contatning catalysts (Examples 2 and 3) provide both increased percent eth- 
ylene oxide, an indication of increased activity; and increased efffciency relative to a rwn-cobaft-corttaining catalyst 
(Example 1), particularly after longer periods of time on stream. Thus, the Inclusion of cobalt in the catalyst can provide 
for increased activity and/or increased efficiency of an ethylene oxide production catalyst, 

EXAMPLES 4-6 

The preparation technique for the catalyst of Example 4 (comparative) Is as follows. For the first impregnation, 
59.57 weight parts of Carrier V is placed in an impregnation vessel. The vessel ts evacuated and 186.3 weight parts of 
stock silver solution (Type C) is added. The solution is allowed to contact the carrier for 30 minutes at atmospheric pres- 
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S using flowing procedure. The first impregnated carrier is spread out in a single layer and transported on a 

Jl^J ^ T !' * tftscharfled from a ^mediate* below the belt at about 500° C at a rate of 43 m/h (66 
™!« ^ P6 L h0Ur PBr Bquare inch} ' ™ e roaBted carrter is to the impregnation vessel for «» 

P0faS5,Um b/ W6igW) 10 1 863 * 5tock 5i,ver OVpe C) while B^nTvS^ 

ond impregnatng and calcining processes being conducted in the manner described above 

weir^n^^^ 1 ^ fi^™^ is P"P** in th * manner. R>r the frst impregnation. 18.33 

weight parts of Gamer V is placed rn a glass impregnation vessel. The vessel is evacuated and 59^86 weloht oarls of 

a^ a ^^ 

a beftroaster at 500" C for 2.5 minutes. The roasted carrier is thereupon returned 10 the impregnation vessel for the 

Su^J SIK* *? ^ ^ A ) *Wng vigorously. Then 0.0358 weight parts of KMhO^an 
«guwic detailed water solution containing about 3.45 wt% of KMn0 4 are added to the impregnating solution This eolu- 
t ton is used prompt* after manganese addition for the second impregnatfon and the «- 
ner is cafcined again in the manner described earlier. w 

The catalyst of Example 6 i s prepared as follows. For the first impregnation, 59.39 weight parts of Carrier V is 
placed in an .mpregnation vessel. The vassal is evacuated and 132,9 weight parts of stock silver solution (Type A) is 

EZk JESSES If * ^TZ ^ ^ f0f 30 minUteS * atm ^ P^re and is then ai.oWed to drain 
tZZ . 5 r nu,eS ' ^ f ,rst 'mpregnated carrier is calcined in air on a belt roaster at 5WC for 2.5 minutes 

The roasted earner is then returned to the impregnation vessel for the second impregnation. The solution for the second 
.rrpregnation is prepared by adding 1 ,07 weight parts of KN0 3 to 167,5 weight parts of stock silver solution (Type A) 

Z!nl!Z21 4 ^ * W6l9ht B ° ,Utton m di8ti,led are added to the impregnating solution The sec- 
TJ^^Z ,S * 1 Pr ° mptly aft9r man9an€8S Hnd ^ addition end the resulting second impregnated 
Sscrib^^f 9a,n> S J mp^nating and second calcining processes being conducted in the manrS 

These ratalysts are evaluated in standard backmixed autoclaves in the following manner. Approximately 40 cc of 
each catalyst are tested at a nominal gas space velocity of 1 6000 hf 1 with the following feed gas axrposrfon- 8 volume 
T^^Sf ^ 6thy,en i ab0Ut 5 «™ *W* about 6 ppmw nitnc^e,lid\ne^lanc e n"o™ 
^^^7h!!S y a r« , ? Bd ^ I? tenWature is raised to 255&c 041 foll ^"9 day. The concL- 

^ 22PJ?L ^ 66 Cata ' y8tS ° perate wrth the same efficiency, within experimental «ror. However while 
L^S^L^ 68 5 3nd 6 ha ** ld6fttiCal aCtMti6S - * s * in W^enJeW. the catalyst of Exalte 
less active, producing approximately 53% as much ethylene oxide as the other two catalysts. 

EXAMPLES 7 AMD ft 

weiaL h L^i*!f^ ,e 7 18 T?^ fo,toVWn9 pr ° Cedgt * A ^ *> ,ution i5 PW* ^ mixing 1 7.1 7 

weight parts of athylenediam,ne with 19.24 we.ght parts of distilled water. Then 17.20 weight parts of oxalic acid dihy- 

IS^S ^f" ^J"^? fe * to n ' Se 3bOVe 40 ' C - 30. 12 weight parts of silver oxide is 

added toSS5son ^ monoethanolamine. An additional 2.98 weight parts of distilled water are then 

The first impregnation is carried out by placing 9.68 weight parts of Carrier U in an impregnation vessel which is 

duced to the -mpregnat-on vessel and alfowed to contact the carrier for 30 minutes. The vessel is then opened and the 
soluton is allowed to drain from the carrier for 30 minutes. 



out 



The first impregnated carrier is then roasted in hot air using a belt roaster. The first impregnated carrier is spread 
endless stainless steel bait and transported through a heating rone in 5 minutes. Hot air. 



air, 
a rate 



S^^^Jfi?' ^- na ^ iS ^ a port immed5atel V befow the belt at about 300= C at 

of about 43 m/h (66 standard cubic feed per hour per square inch). 

After roasting, 4.64 weight parts of the first impregnated carrier are returned to an impregnation vessel and placed 

under vacuum. A second impregnating solution is prepared from 13.65 weight parte of the above-prepared silver soiu- 
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tion to which are added 0.529 weight parts of an aqueous C^MoO* solution (1.48% Cs by weight) arid 0.060 weight 
parte of an aqueous C B2 S0 4 solution (6.58% Cs by weight). 0.0042 weight parts of CoSO^KgQ (as a 0-49% by weight 
solution In distilled water) is then promptly added to the second impregnating solution, which is thereupon added to the 
evacuated impregnation vessel. The solution is allowed to contact the carrier for 4o minutes and is then drained. The 
second impregnated carrier is then calcined twice in hot air using a belt roaster. For each pass, the carrier is spread out 
in a single layer on a 6.668 cm (2.625 inch) wide endless stainless steel belt (spiral weave) and transported through a 
5.1 cm by S.1 cm (2 inch by 2 inch) square heating zone in 2.5 minutes. Hot air, heated externally by a tubular furnace 
is discharged from a 5.1 cm by 5. 1 cm (2 inch by 2 inch) port immediately below the belt at about 300° C at a rate of 43 
m/h (66 standard cubic feet per hour per square inch). 

The catalyst of Example 8 (comparative) is prepared in a similar manner. A silver solution containing 8.58 weight 
parte ethylenediamine. 9.62 weight parte distilled water, 8.60 weight parte oxalic add dihydiate. 15.06 weight parts sil- 
ver oxide, and 3-01 weight parts monoeihandamirre is made following the procedure described above For the first 
impregnation, 41.1 weight parts of Carrier U are placed in an impregnation vessel which is then evacuated. A solution 
containing 49.96 weight parts of the above-prepared silver solution diluted with 67.43 weight parts of disced water is 
introduced to the vessel and allowed to contact the carrier for 30 minutes. The vessel is then opened and the solution 
is allowed to drain from the carrier for 20 minutes. The Impregnated carrier is then calcined at 300* C for 5 minutes on 
a belt roaster and returned to the impregnation vessel. For the second impregnation, 5.2$ weight parts of a C$?MqC 4 
solution (1 .47% Cs by weight) and 0.59 weight parts of a CsS0 4 solution (6.58% Cs by weight) are mixed with 135.99 
weight pans of the undiluted silver solution and then added to the evacuated vessel. After 30 minutes, the vessel is 
drained and the second impregnated catalyst is roasted at 30Q°C for S minutes. 

Testing of the catalysts of Examples 7 and 8 is conducted in standard backmixed autoclave reactors. Approximately 
40 cc of each catalyst is tested at a nominal gas space velocity of 8000 housing a feed gas mixture of 8 volume % 
oxygen. 30 volume % ethylene. 6.5 volume % carbon dioxide, 0.5 volume % ethane, 2 ppmw ethyl chloride, and the bal- 
ance nitrogen. In Example 7, the outlet concentration of ethylene oxide at an operating temperature of 251° C is 2.0 vol- 
ume%, with an efficiency of 76.4%. For Example 8, an outlet concentration of 2.0 volume % ethylene oxide is reached 
ai a temperature of 251 "C with an efficiency of 80.7%. 

EXAMPLES 9-11 

The preparation technique for catalysts used in Examples 9-1 1 is as follows. 
A silver-containing solution with the following composition is prepared: 

16.12 weight parts ethylenediamine, 

33.88 weight parts water, 

16.37 weight parts oxalic acid. 

27.98 weight parts silver oxide, and 

5.65 weight parts monoethanol amine. 

A cesium perrhenate standard solution containing 0.0060 grams of cesium and 0.0083 grams of rhenium per gram 
of solution Is prepared by adding cesium hydroxide solution and ammonium perrhenate to distilled waler. A cesium sul- 
fate standard solution containing 0.015 grams of cesium per gram of solution is prepared by adding cesium sulfate to 
distilled water. A cesium hydroxide standard solution containing 0.0472 grams of cesium per gram of solution is pre- 
pared by adding a concentrated cesium hydroxide solution to distilled water. 

The impregnating solution for the catalyst of Example 9 is prepared by adding about 1.31 grams of the standard 
cesium sulfate solution and 2.7 grams of the standard cesium perrhenate solution to 35 cm 5 (cc) of the silver-containing 
solution. The cesium perrhenate standard solution is heated to 75' C to assure that the salt is dissolved, and the 
impregnating solution is warmed to 40°C to assure that cesium perrhenate is dissolved. The solution is then diluted with 
distilled water to a final volume of 39 cm 3 (cc). 

The impregnating solutions for the catalysts of Example 1 0 and 1 1 are prepared by adding about 1 .3 1 grams of the 
standard cesium sulfate solution and 2. 7 grams of the standard cesium perrhenate solution to 35 cm 3 (cc) of the silver- 
containing solution. The cesium perrhenate standard solution is heated to 75° C to assure that the salt is dissolved, and 
the impregnating solution is warmed to 40°c to assure that cesium perrhenate is dissolved. The solution is then diluted 
with distilled water to a final volume of 39 cm 3 (cc). For the catalyst of Example 10, about 0.0308 grams of cobalt nitrate 
is added and for the catalyst of Example 1 1 , 0,0308 grams of cobalt nitrate and 0.135 grams of cesium hydroxide stand- 
ard solution are added. 

The catalysts are prepared as follows. Ten grams of carrier N are added to a Pyrex impregnating chamber. The 
pressure of the chamber is reduced to about 0.166 - 0.665 kPa (2.0 mm - 5.0 mm Hg). The impregnating solution is 
Slowly added to the Chamber. The pressure of the chamber is allowed to rise back to atmospheric. The impregnating 
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solution is drained after 20 minutes. The drained solution is retained in a covered beaker. The impregnated carrier is 
SnflDVtomi£ M 5000 C for 3 minutes * t*" impregnating and calcining steps are repeated using the drained solu- 
s ™e calculated compositions of the catalysts are summarized in the table below: 



Example No. 


Agwt% 


Csppm 


Sppm 


Re ppm 


Co ppm 


9 (Comparative) 


30.2 


863 


57 


544 




10 


30. 


863 


57 


544 


150 


11 


30. 


1013 


57 


544 


150 



The catalysts ^are evaluated .n rmcroreaotors. Catalyst pills are crushed with a mortar and pestle and screened to 
he desired sire (30-70 mesh). Tv*> grams of crushed catalyst are loaded into a 0.64 cm (1/4 inch) diameter by 14 cm 
(5-1/2 mch) long stainless steel tube. The tube is placed inside a test oven and connected to a feed system The tenv 
peratureoftheoven is controlled by a temperature cont roller and the reactor outlet pressure is controlled at 1050 KPa 
gauge (1 50 psig) with a Groves back pressure regulator. The feed composition is 1 0 volume percent ethylene, 6 volume 
percent oxygen, and 5 volume percent carbon dioxide. Nitrogen is the ballast gas. Ethane and ethyl chloride concen- 
trations are grven ,n the table below and are varied to optimize catalyst activity and efficiency. The gas below is adjusted 
to give a gas space velocity of 4000 hf\ 1 

The performance of these catalysts is summarized in the table below: 



Day 


Ethyl Chloncie 
ppm 


Example 9 (Comparative) 


Example 10 


Example 1 1 






Ethane % 


EO% 


Eff% 


T'C 


EO% 


Efffc 


T°C 


EO% 


Eff% 


T°C 


8 


84 


0.40 


1.3 


86.7 


249 














11 


11.6 


0.45 


1.61 


85.0 


259 














6 


7.7 


0.44 








1.39 


83.6 


250 


1.43 


84.7 


251 


9 


8 


0.44 








1.74 


81.2 


260 


1.78 


82.6 


260 



These results indicate thai the catalysts of Examples 10 and 11, which include cobalt component and rhenium 
COrnponeni, prrjv.de inaeased activity relative to the ^ 

Claims 

1. A catalyst for the manufacture of alkyiene oxide by the epoxjdation of alkene containing impregnated silver sub- 
stantially all stiver being in the metal farm, on an inert, refractory solid support; at least one promoter to enhance 

45 the efficiency of the catalyst, sad effidency promoter being a compound comprising at least one alkali metal alka- 
fcne aarlh metal or oxyanion of an element other than oxygen selected from groups 3b through 7b, inclusive and 
3a through 7a. inclusive, of the Periodic Table; and 25-1000 ppmw of cobalt component to enhance at least one of 
catalyst activity, efficiency and stabaity as compared to a similar catalyst which does not contain the cobalt compo- 
nent, said comparison being under STANDARD ETHYLENE OXIDE PROCESS CONDITIONS 

so 

2. A process for making alkyiene oxide by the reaction of alkene and oxygen comprising contacting a gaseous stream 
containmg alkene. oxygen, carbon dioxide and gas phase inhibitor under alkyiene oxide producing conditions in the 
presence of a fixed bed of catalyst of claim 1 and providing an effluent from the fixed bed of catalyst containing 
alkyiene oxide. 

S5 

3. A catalyst for the manufacture of alkyiene oxide by the epoxkJation of alkene in the vapor phase in the presence of 
at least one effiaency-enhancing gaseous member of a redox-haff reaction pair, said catalyst comprising silver, 
substantially all silver betng in the metal form, on an inert, refractory solid support; an efficiency-enhancing amount 
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ofOOl to S wt% of at least one efffciency-enhancing salt of a member of a redox-baK reaction pair- and 25-1000 
CC^DITION& cobalt component said corrpari6on being under STANDARD ETHYLENE (^D^ROCESS 

4 - 5S2r*'" , " m ^-.nh^ eahc.arnerr^o. a r^Hreaaton pair 
nXSnSur^^ 9 ™^ 6 " 1 ^ itori " ,d a,,BaS,one ^ncy-enhancing gaseous meSTa ZZ 



7. 



The process of claim 5 wherein said at least one gaseous member of a redox-half reaction DairisNO NO no 



Petentansprache 



1 " !2S Herstel ^^ Alkylenoxfd durch die Epaxidierung von Aiken, der impragniertes Silber wobei im 

Vergleich urrter STANDARD-ETHLYENOXID-VERFAHRENSBEDINGUNGEN^en^Zn S 

3. KatalyBator zur Herstellung von Alkylenoxid durch die Epoxidierung von Aiken in der Damofohas* in 

sten Feststofftragei- vorl.egt; e>ne Cfie Effeienz steigemde Menge von 0.01 bis 5 Gew •% mindestens eines Z rI 

5. Verfahren zur Herstellunrj von Alkylenoxid durch die ReakSon von Aiken und SauerstofF umfassand das Khntakti. 
*^^t?? 3«torm, g en Vertreter e-nes Redox-Halbreakiions-Paares unter AJkylenoxid-Herstellunnsbe- 

7. Verfahren gemaB Anepruch 5. wobei der kindest eine gasfdrmiBe Vertreter eines Redox-HalbreaMons-Paarea 
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NO. NOg. Hspa. N 2 0 4 , N 2 O s oder ein Gas ist das in der Lage ist, eines dor vorstehend erwahnten Gase unter den 
AIMenrod-Herstellungsbedingungen zu Widen. 

Ravandications 

1 . ^teiyseur p QU r la production d'un oxyde d'aikylSne par 1'epoxydation d'un alcene, contenant de Pargent incorpore 
par impregnation, ! argent etant sensiblement en totalfte sole la forme m&aliique. sur un support solide inerte 
refractaire, au moins un promoteur pour accroTtre TefficacHe du catalyseur, ce promoteur d'eff icacite etant un com- 
pose comprenam au moms un metal alcalin. un metal alcalino-terreux ou un oxy-anion dun element autre Que 
I oxygene, chosi dans les groupes 3b a 7b Indus et 3a a 7a Indus du Tableau Periodique ; et 25 a 1000 ppm en 
poifis en composam contenant du cobalt pour accrottre I'uno au moins de I'activite, de I'efficacite et de la stability 
ducatalyseur cornparativement a un catalyseur similaire qui ne contient pas le composant contenant du cobalt 
cette comparison etant effectuee dans les CONDmONS NORMALES DUN PROCEDE DE PRODUCTION 
D'OXYDE D'ETHYLENE. 

2. Proc^d6 de production d'oxyde d'alkyiene par reaction d'un alcene et d'oxygene, qui comprend les etapes consis- 
ant k mettre en contact un courant gazeux contenant un aicene. de I'oxygene, du dioxyde de carbone et un inhibi- 
teur en iphase gazeuse dans des conditions de production d'c^d'alkyi^e en presence d'un IHfi^decataryseur 
suivant la revendication 1 et a creer un effluent du lit fixe de catalyseur contenant I'oxyde d'alkyiene. 

3. Catalyseur de production dun oxyde d'alkyiene par epoxydation d'un alcene en phase vapeur en presence d'au 
mo.ns un element gazeux, ameliorant I'efFieacte, d'une paire de demi-reaction redox, ce catalyseur comprenant de 
l argent, 1 argent etam sensiblement en totalite sous la forme metallique. sur un support solide refractaire inerte • 
une quantity ameliorant Tefficacite de 0.01 a 5 % en poids d'au moins un sel ameliorant I'efficacite d'un element 
appartenant a une paire de demkeactkxi redox ; et 25 a 1000 ppm en poids da composant contenant du cobaft 
pour ameltorer la stabilite de I'eff icadte" du catalyseur cornparativement a un catatyseur similaire qui ne contient 
!fjUi^™ pOEam tenant du cette comparaison etant effectuee dans des CONDITIONS NORMALES 
DE PROCEDE DE PRODUCTION D'OXYDE D'ETHYLENE. 

4. Catalyseur suivant la revendication 3, dans lequel le ou les sete ameliorant I'efficacte d'un element appartenant a 
une paire de demi-reaction redox comprend un nitrate de metal alcalin. 

5. Proc^de de production d'oxyde d'alkylfene par reaction cfun alcene et d'oxygene, qui comprend les etapes cons- 
tant a mettre en contact un courant gazeux contenant un alcene, de I'oxygene, un inhibiteur en phase gazeuse et 
au moms un element gazeux. ameliorant refficadte. d'une paire de demi-reaction redox dans des conditions de 
production d'oxyde d'alkyiene en presence d'un lit de catalyseur suivant la revendicatton 3 ou 4 et a creer un 
effluent du lit de catalyseur contenant roxyde tfalkytene. 

6. Proced6 suivant la revendlcation S, dans lequel Werner* gazeux et le sel ameliorant I'efficacite appartenant a une 
paire de derm-reaction redox constituent les elements de la m$me demi-reaction redox. 

? " 22? '^rl^ 1 ^ 5, f,^ S leq ^' 18 °° ** 0Jements 9azeux d ' une V™* de ^mi-reaccon redox con- 
sistent en NO, NO2. N 2 O s . N^O* N 2 0 5 ou en un gaz capable de former run des gaz mentionnes ci-dessus dans 
des conditions de production d'oxyde d'afkytene. 
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